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CHIPS/280 INTRODUCTION PRELIMINARY 


820321, 82C322, $2C325, 82C223, 82C226, 82C607, 82C451/452 CHIPS/280: Complete 
IBM PS/2 TM Model 70/80 Compatible CHIPSet!M 


a 100% functionally compatible to IBM ps/2iM Models 70/80 
= Supports 16, 20, and 25 MHz compatible PS/2!M Models 70/80 


= High performance Matched Memory Interface for Micro Channel Memory Adapters at 16, 
20 and 25 MHz 


7 Advanced Page Interleaved Memory Controller with integrated Bad Block Remapping 
Capability 


Ee Near zero wait states (average 0.5 - 0.7 wait states) 
Memory on Local Data Bus 


120 ns DRAMsS at 16 MHz 
100 ns DRAMs at 20 MHz 
80 ns DRAMsS at 25 MHz 


w Integrated Lotus-Intel-Microsoft Memory Specification (LIM EMS 3.2) Memory 
Controller with 4 register sets, expandable to full LIM EMS 4.0 specification with 8 
register sets of 64 mapping registers using the 82C631 EMS mapper chip. 


a Supports IBM Matched Memory Cycle and CHIPS Fast Micro Channel Matched 
Memory Cycle. 


H High performance, Fast VGA interface to the 82C451 and 82C452 VGA controllers. 
i Asynchronous CPU and DMA state machines. 

a ps/2!M Model 70/80 compatible Address Recovery logic. 

a Low power, high speed CMOS technology. 


CHIPS/280 is a 7-device, enhanced CMOS implementation of most of the system logic 
necessary to implement personal computers compatible to IBM PS/21M Model 70/80. 
CHIPS/280 enables OEMs to offer compatible PS/2T™ models 70/80, that are more integrated 
and superior in performance than IBM’s Model 70/80. — 


CHIPS/280 includes the CS8238 System Logic CHIPSetlM, the 82C607 Multi-Function 
Controller with Analog Data Separator and 16550 compatible serial port, and the Enhanced 
Gate-Level Compatible 82C451/452 VGA chip as indicated in Figures la and 1b. With these 7 
VLSI devices, it requires only 59 additional components plus memory to implement compatible 
PS/2TM Models 70/80 superior to IBM’s models. 
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CHIPS/280 INTRODUCTION PRELIMINARY 
SYSTEM LOGIC CS8238 CHIPSETTM 
The CS8238 System Logic CHIPSet!M consists of the following devices: 


$2C321 CPU and MCA Controller 


The 82C321 CPU and MCA Compatible Controller manages the system timing for the 
asynchronous 80386 CPU, DMA and MCA cycles. It supports CPU clock speeds 16, 20 and 25 
MHz. It supports all Micro Channel Architecture (MCA) compatible cycles including CHIP’s 
proprietary Fast VGA cycle. It includes the state machines for command and control logic signal 
generation, DMA and refresh logic control. The 82C321 also supports a CHIPS Fast MCA 
Matched Memory Cycle which can improve accesses to the memory on the MCA channel by up 
to 33%. 


82C322 Page/Interleaved Memory Controller 


The 82C322 Page/Interleaved Memory Controller provides an interleaved memory sub-system 
design with page mode operation. It supports 4 memory banks, with memory configuration 
ranging from 1MB to 16 MB. While operating in the DOS environment, the memory above 1 
MB can be utilized as EMS memory, significantly improving the value of large memory 
configuration requirements of the OS/2 era. The on-chip EMS logic provides 4 mapping 
registers. However, with external EMS mapper chip, the full LIM EMS 4.0 specification of 8 
register sets of 64 mapping registers can be realized. It interfaces to either static column or page 
mode DRAMSs. The 82C322 supports shadowing of the EPROM into RAM space, allowing 
faster execution of code. The 82C322 integrates the on-board I/O decode logic and IBM 
compatible address recovery logic. 


$2C325 Data Buffer 


The 82C325 Data Buffer provides electrical isolation between the Memory Data Bus and the 
Local Data Bus. Additionally, it performs the latching and bus steering function. The Data 
Buffer also provides the programmable I/O decode registers for user J/O decoding requirements. 
It contains the system POS registers, NMI logic, as well as DRAM parity generation and 
detection logic. 82C607 decode signals, 82C451/82C452 VGA setup and enable signals are also 
contained in the 82C325. 
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CHIPS/280 INTRODUCTION PRELIMINARY 
$3C223 DMA Controller 


The 82C223 DMA Controller provides 8 DMA channels for slave devices and the Central 
Arbitration Control Point (CACP) for the entire system. Each DMA Channel has 24-bit 
addressing capability and can perform 8-bit or 16-bit transfers. It also supports Virtual DMA, 
wherein DMA channels 0 and 4 can be used to service multiple DMA slaves by multiplexing the 
DMA channels between the arbitration levels assigned to those slaves. It supports multiple Bus 
Masters via the CACP arbitrator and control logic. The Bus Arbitration logic includes protection 
against error conditions like burst mode devices not relinquishing the bus within specified time. 


82C226 System Peripherals Controller 


The 82C226 System Peripherals Controller integrates PS/2 1M Compatible peripherals in one 
compact package with an optimized bus interface to the Peripheral Bus. It includes two 8259 
Programmable Interrupt Controllers, one 8254 compatible timer, two 146818 compatible real- 
time clocks, 114 bytes of CMOS battery back-up SRAM and one PS/2TM compatible bi- 
directional Parallel Port. 


GRAPHICS 


The 82C451 Gate Level compatible VGA provides 100% VGA compatible graphics with 
backward compatibility to EGA, CGA, MDA and Hercules. In VGA graphics modes, it provides 
resolutions from 320 x 480 with 16 colors. In VGA text mode, it supports fonts up to 9 x 32. It 
‘supports all standard monitors - IBM PS/2TM analog, Multi frequency, EGA, CGA and digital 
Monochrome. The 82C451 boosts graphics performance with a tightly coupled high performance 
interface to the CPU and a 16-bit memory interface. The 82C451 is packaged in 144 pin PFP 
package. 


PERIPHERAL SUPPORT 
The 82C607 Multi-Function Controller integrates PS/21™M compatible peripherals in one 
compact package. It includes one 16550 Compatible UART, an Analog Data Separator, POS 


Registers and Glue logic for a NEC 765A Floppy Disk Controller. The 82C607 is available in 68 
pin PLCC package. 
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SYSTEM OVERVIEW 


CHIPS/280 is designed to maximize the performance of the 80386 microprocessor by coupling it 
to a high performance page/interleaved memory sub-system. The maximum page size supported 
by the CHIPS/280 architecture is 16 KBytes when 1 Mbyte DRAMs are used (16 MB of onboard 
Memory) and the four way interleaved mode of operation is selected. When executing within a 
page, the DRAM memory sub-system can execute at the same speed as the processor. To the 
386, the memory sub-system appears as a 16 KByte direct mapped cache, using relatively 
inexpensive DRAMs. When operating at 16, 20 or 25 MHZ, the average waitstate incurred is 
less than 0.7. Additionally, by using Shadow RAM techniques, the BIOS code can also be 
executed with near zero wait states. 


In addition to the high performance memory interface, CHIPS/280 supports a fast Matched 
Memory Cycle reducing the access time from 200 ns to 120 ns at 25 MHz. CHIPS proprietary 
Fast VGA cycle allows VGA I/O accesses to be performed within 187.5 ns @ 16 MHz, 150 ns 
@ 20 MHz, and 120 ns @ 25 MHz. 

Regardless of the CPU speed, the DMA controller operates at 10 MHz. Once the DMA and the 
peripherals are tuned, for example, with a 1:1 interleaving on the Hard Disk, CHIPS/280 
continues to deliver dependable high performance. 

ARCHITECTURE 


Figures 1-1 and 1-2 illustrates the Address and Data Bus Architecture. 


Rev 1.0 Page 4 


820226 NEC765 | 82C607 | 8742 


IPC2 FDC SP KBDC 
| EPROMs 
a ee 
XA0- XA0 | XA0- XA2 a7 
XA9 ane XA16 
82C223 
DMAC 
aaG: | | sz See XA0 | -XAI6 
LA23 Pee 
-Al6 
LAO-LA31, 
SAO, SAI SAO, SA1 
LAO, LA] 
Micro Channel 
A0-A31 


CHIPS/280 ADDRESS PATHS 


Figure 1-1 


XDO- XD0- XDO0- 
XD7 XD7 XD7 XD7 
aan XD0-XD7 _ 
XD7 
820321 
CPUC 
Ty a LD0-LD31 
LA TV} 7 82c451 | 
aa 820322 
| | | PIMC 
VD0-VD15 ; MA0-MA7 
Po) wean 
. -—XDEN 
50-D15 Micro Channel DO- D7 DO-D15 


s D16-D31 
Perey MA cere 


16-bit Master 


Bus Steering 


Logic 


CHIPS/280 DATA PATHS 


Figure 1-2 ; 


CHIPS/280 INTRODUCTION PRELIMINARY 
ADDRESS BUS ARCHITECTURE 
The CHIPS/280 supports the following address busses: 


- Local Address Bus (LA BUS) 

- Memory Address Bus (MA BUS) 

- MCA Address Bus (A BUS) 

- Peripheral Address BUS (XA BUS) 


Local Address Bus (LA <31:0>) 


The 80386, the 82C322 Page/Interleaved Memory Controller, and the 82C223 DMA controller 
share the Local Address Bus. The Local Address Bus is buffered to generate the MCA Address 
Bus. The buffer used is bi-directional and the direction of the address bus is determined by the 
polarity of the -MASTER input from the MCA channel. 


Memory Address Bus (MA <9:0>) 


The lower addresses of the memory address bus (MA <0Q:7>) are bi-directional. During accesses 
to the internal configuration registers, these pins are used to program the 820322. During 
memory accesses, (MA <0:9>) address outputs contain row and column address information. 
The memory address lines are derived from the bus master currently in charge, and could be 
either the CPU, DMA or an external Bus Master that has gained control of the bus. 


MCA Address Bus (A<31:0>) 

The MCA Address Bus is bi-directional. These are outputs to MCA compatible adapters, when 
either the CPU or the DMA controller is the bus master. These address lines are driven by the 
external Bus Masters when they are in control. 

XA Address Bus (XA<16:0>) 

The XA Address bus is derived from the MCA Address Bus. The address information is latched 
by the leading edge of -VGACMD. XA<0:15> are derived by latching A<0:15> address lines. 
XA16 is driven by the 82C322 Page/Interleaved Memory Controller. 

DATA BUS ARCHITECTURE 

The CHIPS/280 supports the following data busses: 

- Local Data Bus (LD BUS) 

- Memory Data Bus (MD BUS) 


- MCA Data Bus (D BUS) 
- Peripheral Data Bus (XD BUS) 
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CHIPS/280 INTRODUCTION PRELIMINARY 
Local Data Bus (LD <31:0>) 


The Local Data Bus (LD BUS) is shared by the 80386, the 80387, the 82C322(Memory 
controller) and the 82C223 (DMA Controller). The 80386 BS16# input is strapped high to 
enable 32-bit accesses. The DMA controller is the only 16 bit device on the local data bus (LD 
BUS). When accessing the DMA controller, the 82C325 steers the processor data bus 
information appropriately to the DMA controller. The parity bits (MP <0:3>) are generated by 
82C325. 


Memory Data Bus (MD<31:0>) 


The Memory Data Bus (MD BUS) is driven by the 82C325 Data Buffer. The MD BUS sources 
the BIOS EPROMS. 


MCA Data Bus (D<31:0>) 


The MD BUS is buffered by transceivers to generate the MCA Data Bus (D BUS), the direction 
of which is controlled by SDIR generated by 82C321. These buffers are always enabled (except 
for ROM accesses) for accessing on-board resources or MCA accesses. The D Bus 1s used to 
communicate with the MCA adapters. The D Bus should be tri-stated to prevent MCA adapter 
cards from accessing BIOS EPROMs. 


Peripheral Data Bus (XD <7:0>) 


The Peripheral data Bus (XD BUS) is derived from the MCA Data Bus by bi-directional buffers. 
The Peripheral Data Bus is 8-bits wide (XD<0:7>) in a CHIPS/280 implementation, The XD 
BUS provides communications to the internal registers of the CHIPS/280 CHIPset!M, as well as 
other on-board peripherals such as the Floppy Disk Controller, Key Board Controller, etc. 


The XDIR out of the 82C325 controls the direction of the XD BUS transceivers. XDIR is 
activated only when the -XDEN signal from the 82C322 Page/Interleaved Memory Controller is 
in-active. When accessing the internal configuration registers of the 83C322, XDEN is active 
and XDIR is inactive. The data transfer direction is from the D Bus to XD Bus preventing data 
bus contention. 


Miscellaneous Ports and POS Registers 
The CHIPS/280 POS (Programmable Option Select) registers and I/O ports 61, 70, 91, 94, and 


3C3 are provided. These ports are distributed in amone the CHIPset!M, as a result more than 
one chip may respond for a single port access. 
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INDEX REGISTERS 

CHIPS/280 CHIPSet!M has several additional registers required for programming the various 
modes of operation that are available. An indexing scheme is used to reduce the I/O ports 
required for all the registers of the CHIPSet!'M. Port 22H is used as an Indexing register and 
Port 23H is used as the Data register. The index value is placed in port 22H and the data to be 
written to or read from the indexed register is placed in port 23H. Every access to port 23H must 
be preceded by a write of the index value to port 22H, even if the same register data is accessed 
again. All reserved bits are set to zero by default and when written to, must be set to zero. Only 
the registers used in the 82C321, 82C322, and 82.C325 are discussed, since the other registers are 
described in the 82C226, 82C607, 8042, 82C223 and 82C451 documentation. Registers R22- 
R29 are accessed directly (instead of through index registers). Table 1 lists these registers: 


Table 1 


Reg # Register Name Index Location 


Operating Mode 82C322 
EMS Base Address 82C322 
EMS Address Extension 1 BDH 82C322 
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Table 1 (continued) 


Reg # Register Name Index Location 


Reg # | Register Name Address Location 
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FEATURES 

S Supports 16, 20 and 25 MHz 80386 Processors 

ia 100% Compatibility with MCA specifications at all CPU speeds 
= § Programmable wait state option 

i Matched Memory Cycle Support 

na Fast Matched Memory Cycle Support 

i Fast VGA Cycle 

i Bus Conversions for 16 and 8-bit devices 

m 80387 Interface Logic 

FUNCTIONS 


The 82C321 MCA/CPU controller performs the following functions in a CHIPS/280 
implementation. Figure 1-3 shows the block diagram of 82C321. 


a Reset generation 

Bus Cycle Control providing the following: 
MCA compatible default (I/O and Memory) Cycle (CPU cycle time of 250 ns @ 
16 MHz, 250 ns @ 20 MHz, and 240 ns @ 25 MHz). 


* MCA Compatible Matched memory Cycle (CPU Cycle time of 187.5 ns @ 16 
MHz, 250 ns @ 20 MHz, and 240 ns @ 25 MHz) 


. Fast Matched memory Cycle (CPU Cycle time of 187.5 ns @ 16 MHz, 150 ns @ 
20 MHz, and 120 ns @ 25 MHz) 


‘3 Fast VGA Cycle (CPU cycle time of 187 ns @ 16 MHz, 150 ns @ 20MHz, and 
120 ns @ 25 MHz) 


i] Data bus sizing and steering for CPU, DMA and data bus steering for external bus 
masters 


oi MCA bus memory and I/O cycles to 8,16 or 32 bit peripherals 


7 Waitstate generation logic to provide support for the following: 
‘i -Slow MCA compatible adapter cards 
: -Slow system board peripherals and index registers. 

a 80387 Numeric coprocessor interface logic 


zi MCA compatible status (SO, S1), Address Decode Latch (-ADL) and Command (-CMD) 
‘generation 


ra GateA20 generation 
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1.0 RESET GENERATION LOGIC 


The 82C321 receives two reset inputs: - RESET1 and -RESET2. -RESET1 is the Power Good 
input from the power supply. When.-RESET1 is active, the 820321 activates RESET3 and 
RESET4 for a system reset. -RESET2 is generated from the 8042 keyboard controller when a 
warm reset is required. -RESET2 activates RESET3 to the 80386. RESETS is also activated by 
the 82C321 when a CPU shutdown condition is detected. Additionally, setting bit O in the 
System Port A (92H) causes RESETS to be active, after the I/O command goes inactive. 
RESETS3 is held active for at least 128 PCLK2 cycles following the de-activation of -RESET1. 


RESETS is synchronized with respect to PCLK2 to ensure the proper phase between the 
CPU/DMA state machine and the internal phase of the 80386 Microprocessor. RESET4 
performs the system reset function, resetting the 82C322 Page/Interleaved Memory Controller, 
the 82C223 DMA Controller, the 82C226 Peripheral Controller and the 8742 (or the 8042) key 
board controller to their default values. RESET3 and RESET4 are held valid for at least 128 
PCLK2 cycles, following the deactivation of -RESET1. 


The 82C321 generates the NPRESET output to reset the 80387 Numeric Coprocessor. The 
NPRESET is activated when RESET3 is activated or when port OF1H is written to. During 
accesses to port OF1, the NPRESET is held high for 128 PCLK2 cycles. NPRESET 1s then 
forced low for 128 PCLK2 cycles before -READY is returned to the processor. This ensures that 
the Numeric Coprocessor Reset High and Low time requirements are satisfied. 


NOTE: The 80386 deasserts HLDA when RESETS goes active. This can end a DMA cycle in 
progress. The 82C321 generates HLDAO (which goes to 82C223 DMA controller) to correct 
this problem. If RESET2 and HLDA occurs simultaneously RESETS3 is generated, and HLDAO 
is not asserted thus blocking the DMA cycle from starting. When RESET3 is completed, 
HLDAO is sent to the 82C223 DMA Controller. If the DMA cycle is already i in progress and 
RESET2 becomes active then RESETS is not asserted until the DMA cycle is completed. The 
same applies to port 92 RESET operation. 


2.0 CPU/DMA STATE MACHINE 


The 82C321 supports two state machines, the CPU State Machine and the DMA State Machine. 
The control logic automatically selects the proper state machine for the CPU or DMA cycles. No 
clock switching is involved when transitioning from the CPU to the DMA state machine, 
eliminating clock synchronization delays. 


2.1 CPU State Machine 


Interface to the 80386 requires interpretation of the 80386 status lines -ADS, M/-IO, D/-C, W/-R 
during the Tl (non-pipelined) cycle and the synchronization and generation of -READY to the 
CPU upon the completion of the cycle. The CPU initiates a cycle by driving the -ADS, M/-IO, 
W/-R and D/-C lines. Upon detecting the start of a new cycle, the 82C321 monitors the -AF32 
input to determine if the current access is a local memory cycle or an MCA access. If -AF32 is 
sampled active, the CPU state machine waits for -READY from the memory controller to | 
terminate the cycle. For all other cycles, (-AF32 inactive), the 82C321 generates the various 
MCA timing signals including the Matched Memory Cycle, Fast VGA Cycle timing. 82C321 
also generates timing signals for Fast Matched Memory cycles. It subsequently generates - 
READY signal to the CPU to terminate the cycle. 
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The 82C321 supports 8, 16 and 32-bit transfers between the processor and the MCA IJ/O or 
memory adapter cards. The Action Code (AC<1:0>) outputs are used by the 82C325 for bus 
sizing and conversions. 


2.2 MCA Default Cycle 


At 16 and 20 MHz operation, two CPU wait states are required for generating the default MCA 
Cycle. At 25 MHz, three wait states are required in pipeline mode. One more additional wait 
state is required in non pipeline mode. If delayed sampling of -AF32 is enabled @ 20 or 25 
MHz, 3 wait states are required @ 20 MHz, and 4 wait states are required @ 25 MHz. There is 
always the addition of 1 wait state in the non pipeline mode. 


~The MCA cycle is initiated when -AF32 is sampled inactive. The status lines -SO, -S1 and M/-IO 
to the MCA are generated by decoding the -ADS, W/-R, M/-IO and D/-C (when CPU is in 
control). When The DMA controller is in control, the 82C321 buffers the -LSO, -LS1, LM/-IO to 
generate the -MSO, -MS1 and MM/-IO outputs to the MCA. When external Master is in control, 
it drives the -MSO, -MS1, MM/IO inputs and 82C321 passes these inputs on to -LSO, -LS1 and 
_LM/-IO signals respectively.. 


When the CPU is in control LSO, and LS1 are not asserted during interrupt acknowledge or 
during second and subsequent bus convert cycles. 


When the CPU is in control, the latched status information is made available on the MCA. the 
82C321 subsequently generates -ADL and -CMD. The signal timings conform to MCA timing 
specifications. 


When the 82C321 is programmed in 25 or-20 Mhz mode and if the CPU is running at 25 or 20 
Mhz, the delayed sampling of -AF32 should be enabled to generate timings conforming to MCA 
specification. This option is enabled by setting bit 6 in Register R1 (index 8E) to 1. This option 
when activated delays the sampling of -AF32 by one CLK2 period and also inserts one CPU wait 
state in all MCA cycles. This also results in delaying all MCA signals by one CLK2 period and 
also increases the -CMD pulse width by one CLK2. 


The 82C321 generates EALE for all MCA accesses . EALE is low at the start of the cycle to 
allow the processor addresses to flow through to the MCA. EALE is driven high to latch the | 
processor addresses. EALE is de-asserted a minimum of 30 ns after the de-assertion of -ADL to 
conform to MCA specifications (MCA requires a 30 ns address hold time following the removal 
of -ADL). 


-CHRDYRTN is sampled by the 82C321 to determine if the current cycle can be completed 
within the default 200 ns timing. If -CHRDYRTN is active, the 82C321 activates -READY at 
the start of T2 or T2P to terminate the cycle. -CHRDYRTN is a "NANDED" function of all the 
CDCHRDY <1:8>, DMARDY, MEMRDY and VGARDY signals. If -CHRDYRTN is sampled 
inactive, then additional wait states are introduced. 


DS16RTN and DS32RTN are sampled by the 82C321 to determine the data size of the accessed 
device. If DS32RTN and DSIO6RTN are sampled active, then the 82C321 assumes the current 
access 1s to a 32-bit device. If DS32RTN is inactive and DSI6RTN is active, then the current 
access is to a 16-bit device. If both DS32RTN and DSI6RTN are sampled inactive, then an 8-bit 
device is assumed. The 82C321 monitors these inputs to generate the corresponding action codes 
to the 82C325 for bus sizing and conversion. For example, if the current access is a 32-bit 
access from a CPU to an 8-bit device, the 82C321 generates the appropriate control signals to 
enable four back to back cycles, before generating -READY to the CPU to terminate the cycle. 
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The 82C321 receives the On Board I/O Peripheral (-OBIOP) signal, when the I/O address is less 
than O3FFH. It is used to determine if the current access is to the local devices and the 
peripheral devices. The 82C321 considers the Timer, Serial Port, Diskette Controller, Interrupt 
Controller, Real Time Clock, CMOS RAM and Keyboard Controller as Peripheral I/O devices. 


All I/O addresses that are below O3FFH and are not peripheral devices are considered as on 
board devices. The -OBIOP is active from 0 to O3FFH. The 82C321 generates -XIORD and - 
XIOWR signals for all I/O accesses, and they are valid for the duration -CMD1 is valid. The 
CPU cycle time and -CMD1 pulse width for on board I/O and peripherals varies with the 
frequency of operation and are listed below, where cycle time and pulse width are in nsec and 
frequency in Mhz. 


ITEMS | ON BOARD DEVICES PERIPHERAL DEVICES 
437. 


Cycle 37.5 |400 | 360 562.5 {550 =| 520 

time (ns) 

-CMD | 312.5 |275 | 260 437.5 1425 | 420 

pulse (ns) 

. wer are 
NOTE: The above numbers refer to the CPU in the pipeline mode, and when the delayed 
sampling of -AF32 option is enabled at 20 and 25 MHz. 


2.3 DMA State Machine 


The DMA State machine is driven by the DMACLK2 input from the 82C223 DMA controller. It 
operates asynchronously to the CPU state machine. The DMA state machine monitors the HLDA 
and -MASTER inputs to determine if it should generate the control signals for the current access. 
Control is passed to the DMA state machine when HLDA is active and -MASTER is inactive. 
When the 82C321 detects valid inputs on -LSO, -LS1 and LM/-IO, it generates -ADL and -CMD. 
The status and address information are allowed to flow through to the MCA. -CMD is held valid 
for the duration of the cycle. If the current access is to an I/O device, the 82C321 activates the - 
XIORD or -XIOWR. | 


The 82C321 does not generate EALE for normal DMA cycles, not requiring bus conversion. 
EALE is generated when the DMA accesses an 8-bit device, wherein two 8-bit bus convert 
cycles are required. EALE is used to latch and maintain the address for the second cycle. - 
READY is activated to the DMA controller after the completion of the second cycle. During 
Refresh cycles -READY is generated by 321. 


If -CHRDYRTN is sampled inactive, then additional wait states are introduced. 
If DS16RTN is sampled active by the 82C321, then 16-bit transfer is assumed and no bus 


conversion cycles are performed. If DSI6RTN is sampled inactive, then an 8-bit device is 
assumed the 82C321 performs the necessary bus steering and conversions. 
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3.0 MASTER CYCLES 


The 82C321 provides complete support for external bus masters to access global resources on 
the system board. The bus master in control provides the required address, status and command 
signals. 


The Bus Master requests control of MCA by activating the -PREEMPT line. The Central 
Arbitration Control Point (CACP) raises the ARB/-GNT line signifying the start of an arbitration 
cycle. The Master drives its arbitration level on to the 4 ARB pins in response to a high level on 
the ARB/-GNT line. If another device requests the bus, it drives its priority level on the ARB 
<3:0> pins. Each competing device compares the level it is driving on the pins with the levels 
already on the pins. If the device priority is higher than what 1s being presented on the bus, that 
device is declared the winner. If the device sees a higher priority on the bus than it 1s asserting, 
then it is declared a looser. 


At the end of arbitration cycle, ARB/-GNT is driven low, indicating the end of the arbitration 
cycle and the winner of the arbitration process raises its -PREMPT line. 


The Bus Master can access system board peripherals or memory via the 82C321. Two basic 
cycles are supported: 


1. Accessing local memory controlled by 82C322 
2. Accessing on-board peripherals 


3.1 Local Memory Access 


~The Bus Master in control of the MCA, drives valid addresses -MSO,.-MS1 and -MM/-IO status 
lines, -ADL and -CMD signals on the MCA for the desired memory access. The 82C322 and the 
— $2C321 receive -MSO, -MS1 and MM/-IO from the MCA. The 82C322 monitors the address _ 

and status information being presented to determine if the address requested resides in its 
memory space, and if so, it asserts the -RAS, -CAS and -WE signals to the DRAMs. 82C322 
drives the MEMRDY signal inactive at the start of the cycle and activates it at the end of the 
cycle. The -MEMRDY signal is factored into the CHRDYRTN (Note: The MCA receives 
CHRDYRTN and the 82C321 receives -CHRDYRTN) signal. The -MASTER samples the 
CHRDYRTN signal and if inactive extends the cycle. The MASTER initiated memory access is 
terminated 60 ns(minimum) after CHRD YRTN is sampled active. 


The 82C322, in response to memory requests from the MCA drives -AF32 active. External Bus 
Masters should monitor the -DS32RTN,s and -DS16RTN lines to determine the data sizing of 
the current access and perform the necessary bus steering. 


If the current bus master is 16-bits (as determined by the polarity of MTR32 input), the 82C321 
generates the Action Codes to perform the necessary bus steering. | 
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3.2 On-Board Peripherals 


The Bus Master in control can access the on board peripherals, except peripherals residing in 00 
to OFFH address space (This is a programmable option, where the 82C223 could be programmed 
for MASTER to access DMA registers). It requires CPU intervention to access the DMA 
controller, the interrupt controller and other on-board peripherals residing below OFFH. The Bus 
Master asserts valid address, status and control signals to access on board peripherals. The 
82C321 samples -MSO, -MS1,-MM/IO,-ADL,-CMD inputs from the MCA. The 82C322 asserts - 
OBIOP signal to 82C321. The 82C321 generates the appropriate -XIORD or -XIOWR signals to 
the selected I/O peripherals (For all I/O cycles -XIORD or -XIOWR is generated). -CMD1 is 
used to gate the -XIORD and -XIOWR signals. -XIORD or -XIOWR are also generated when 
accessing programmable I/O ports PGMPO-2 (defined in 82C325). 


Additionally, for Master cycles the 82C321 de-asserts BDRDY output at the start of the cycle. 
The BDRDY is factored into the -CHRDYRTN logic. When BDRDY goes active the - 
CHRDYRTN is sampled active and subsequently, the cycle is terminated. 


When accessing 8-bit devices, DS16RTN and DS32RTN (inputs to the 82C321, the MCA 
receives -DS16RTN and -DS32RTN) are both sampled inactive. The 82C321 generates the 
appropriate Action Codes to perform the necessary bus steering operations. The MASTER 
samples the -DS16RTN and -DS32RTN to determine the data sizing of the current transaction. 
The MASTER performs the necessary bus conversion cycles. 


4.0 Bus Conversion 


The 82C321 provides a means for the system to perform 32 or 16-bit transfers to 16 or 8-bit 
devices. The Conversion Logic will detect when a conversion is necessary, signal the Wait State 
Control Logic to assert wait states to the CPU, and perform the conversion by manipulating the 
SA1, SAO and -BHE output pins. During a bus conversion cycle, the CPU is held in a wait 
condition, with -READY inactive. The 82C321 determines the number of conversion cycles to 
be performed for the access, and generates the correct action codes and address information for 
each of the convert cycles. 


For example, if a 32 bit access is performed to a 16-bit device, the 82C321 will detect DS32RTN 
inactive and DS16RTN active. It will perform two bus convert cycles. The sequence of events 
for the bus convert process, when the processor is in control, are described as follows. Refer to 
Figure 1-4. 


1. The 82C321 samples -AF32 after detecting a valid cycle. If -AF32 is sampled inactive, 
then a non-local memory access is assumed. 


Zz EALE is low to allow the processor addresses to flow through to the MCA. It is driven 
high to latch the processor address and maintain it for the duration of the bus convert 
cycle. EALE is driven low in the middle of the last bus convert cycle, ensuring 30 ns 
address hold time following the de-activation of -ADL. 
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Figure 1.4 CPU Bus Convert Cycle 
32 bit access to 16 bit device, 25 MHz Mode (AF32 option enabled) 
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2: It then samples DS16RTN and DS32RTN to determine if the current access is to an 8, 16 
or 32-bit device. The BE<0:3> informs the 82C321 if the current access 1s a 32, 16 or an 
8 bit access. Bus conversion cycles are performed for the following cases: 


a. 32-bit access to an 8 or 16-bit device 

b. 16-bit access to an 8-bit device 

c. 24-bit access to 8 or 16-bit device 

d. 16-bit cross word (BE1 & BE2 active) to 16-bit device. 


If DS16RTN is sampled active and DS32RTN sampled inactive, and BE<3:0> are active, then 
two bus convert cycles are performed. -SOQ, -S1, -ADL and -CMD are asserted for each cycle, 
and removed at the end of the cycle. The SAO, SA1 are manipulated to access the correct 
locations. Example, when performing 32-bit access to 16-bit EPROMs, the SA1 is zero for the 
first access and one for the subsequent access. 


At the completion of the last bus convert cycle, the -READY is generated to the processor to 
terminate the cycle. 


5.0 MATCHED MEMORY CYCLES 


Matched Memory Cycles are allowed only for 16 or 32 bit Slave Devices and are only permitted 
when the CPU is in control. Matched Memory cycles allow for efficient data transfer between 
memory cards residing on the MCA and the system processor. 


Matched Memory Cycle output to the MCA is active only when the CPU is in control. It is 
generated by HLDA (Hold Acknowledge, -MMC is inversion of HLDA). When HLDA is active, 
either when DMA or an external Bus Master is in control of the MCA, -MMC 1s inactive, 
indicating to the slave device that no matched memory cycles will be performed. 


Matched Memory Cycles require one wait state at 16 MHz 20 Mhz, or 25 Mhz when 
enabled.The adapters residing on the MCA have to request a MMC (Matched Memory Cycle) on 
a cycle by cycle basis. 


On the MCA, the address and the status information become available at the beginning of an 
MCA cycle. The 82C321 activates -MMC output, when the CPU is in control of the bus. The 
Adapter card should monitor the -MMC output to determine if it can initiate a Matched Memory 
Cycle By asserting -MMCR. 


When the 82C321 samples MMCR active (high), it activates -MMMCMD. The -MMMCMD 
informs the adapter cards that data is valid on the Bus. The trailing edge indicates the end of the 
cycle. 


The Matched Memory cycle can be extended by asserting -CHRDYRTN. The Matched Memory 
Cycle can be disabled or enabled by programming the register R2(index 8F). When disabled(bit 
O of R2 = 0) the default cycles are performed(250 ns @ 16Mhz, 250 ns @ 20MHz, and 240ns @ 
25 Mhz), when enabled(bit 0 = 1) Matched Memory cycles are performed(187.5ns @ 16 
Mhz,150ns @ 20 Mhz and 120 ns @ 25 Mhz) 
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6.0 FAST VGA CYCLE 


The cycle time for normal VGA I/O accesses is the default cycle time (250 ns @ 16 MHz, 250 
ns @ 20 MHz, and 240 ns @ 25 MHz). The 82C321 supports a special fast protocol for the 
VGA I/O accesses to cut down VGA I/O cycle time. Two pins, -VGAREQ and -VGACMD are 
reserved for this purpose. The VGA will request a fast cycle with -VGAREQ signal and - 
VGACMD provides the strobe. The s 

fast VGA cycle can be activated by enabling the generation of VGAREQ on the 82C451/452, 
and enabling the fast VGA cycle on the 82C321 by setting bit 1 in R2 register (Index 8F). 


When the fast VGA cycle is enabled, the 82C321 samples -VGAREQ and if -VGAREQ is 
active, 82C321 performs fast VGA cycles. During fast VGA cycles, -CMD1 and -ADL are not 
generated but status -MSO, -MS1, and -VGACMD are generated. The cycle time for fast VGA 
cycles is 187.5 ns @ 16 MHz, 150 ns @ 20 MHz and 120 ns @ 25 MHz (AF32 option disabled). 
When delayed, AF32 option is enabled @ 20 and 25 MHz. The cycle time for fast VGA cycle is 
200 ns @ 20 MHz and 160 ns @ 25 MHz. 


The option of fast VGA eles are not restricted to VGA accesses only. If the -VGAREQ and 
-VGACMD timings are met any J/O device can run a fast cycle. The Fast VGA cycle can be © 
extended by activating CHRDYRTIN. 


7.0 NUMERIC COPROCESSOR INTERFACE 


Incorporated on the 82C321 is the circuitry to interface the 80387 Numeric Coprocessor to the 
80386. The circuitry handles the decoding required for selecting and resetting the numeric 
coprocessor. The 82C321 also handles -NPBUSY and -ERROR signals from the 80387. 


The 82C321 automatically recognizes the presence of the 80387, using a mechanism similar to 
the 80386 numeric coprocessor detection logic. It samples ERROR output of the 80387 on the 
falling edge of reset to detect the presence or absence of the 80387. 


It supports two methods of -READY generation 


1. The 82C321 generates -READY for all numeric coprocessor accesses. The bit 5 of System 
Speed Register R1 should be set to 0 for this option. 


2. The -READY of the 80387 can be used to generate the -READY for numeric coprocessor 
cycles. This option provides better performance for numeric operations as the number of 
wait states for NP cycles can be controlled. In order to use this option bit-5 of Register R1 

should be set to 1 and also the READY interface circuit as suggested by the manufacturer 
of 80387 should be implemented: The READY generated by the interface circuit is 
connected to the CPU READY through a tristate buffer which is enabled when the input 
signal (which is READY of interface circuit) is present. 


Miscellaneous Ports: The 82C321 responds to various miscellaneous ports such as port 61, 92, 
and 94. The details are listed at the end of this manual. 
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8.0 82C321 PIN DESCRIPTIONS 
CLOCKS 


CPU CLOCK 2 input from 
the 82C322) Memory 
Controller or from an 
external clock source, having 
a maximum frequency of 
twice the rated frequency of 
the 80386 processor clock. It 
is referred to as PCLK2 
throughout this document. 


DMA CLOCK2 input from 
the 82C223 DMA Controller 
(2QOMHz). This clock input is 
used for the DMA state 
machine. 


DMA CLOCK4 output is 
used to drive the Keyboard 
controller clock. It is half the 
frequency of DMACLK2 and 
has a duty cycle of 
approximately 50%. 


OSCILLATOR CLOCK /12_ 
is the 1.19 MHz TTL level 
clock input from the 82C322. 


CONTROL 


— ae aoa 


input generated by the power 
good signal of the power 
supply. When low, it 
activates RESET3 and 
RESET4. 


RESET72 is an active low 
input(8042) generated from 
the keyboard controller for a 
“warm reset" not requiring 
the system power to be shut 
off. It forces a CPU reset by 
activating RESETS. 
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CONTROL (continued) 


RESET4 is an active high 
output used to reset the 
MCA, 82C226, 8042 
keyboard controller, and the 
82C322 memory controller. 
It is synchronized with the 
processor clock. 


RESETS3 is an active high 
output to the 80386 when 
RESETI1 or RESET2 is 
active. It 1s also activated 

-when a shut-down condition 
in the CPU 1s detected or 
when I/O port 92H, bit 0 is 
set from zero to one. 


CPU INTERFACE 


-READY YO 76 READY is an open drain 
output, and is driven low to 
terminate the current CPU or 

7 DMA cycle after 
-CHRDYRTN is low. When 
-AF32 is sampled active, then 
it is an input from the 
82C322. It is connected to 
the 80386 -READY pin and 

| is normally inactive. 


low. 


-LS1 | VO 64 64 The local status signals, when 
output, are used by the 
82C223 DMA controller 

| during DMA register 
accesses, CPU or MASTER 
cycles. These signals are 
inputs during DMA 
operation. Pull up resistors of 
10K Ohms are required for 
these signals. — 
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CPU INTERFACE (continued) 


V/O 94 


: a = 


INPUT/OUTPUT when high, 
indicates a memory access. 
; | 
: | 


When low, it indicates an I/O 
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access. It is used to generate 
memory and J/O signals for 
the system. It is output for 
MASTER cycles and input 
for CPU and DMA cycles. A 
pull up resistor of 1OK Ohms 
is required for this signal. 


BYTE HIGH ENABLE is an 

active low signal which 

indicates the transfer of data 

on the upper byte of a 16 bit 
data word. It is an input 
during DMA and MASTER 
cycles, and an output during 
CPU cycles. A pull up 
resistor of 1OK Ohms is 

_ required for this signal. 


LOCAL BYTE ENABLE 0 
is an active low input from 
the 80386 CPU indicating 
data transfer on the lowest 
byte. Iti s an output during 
DMA and MASTER cycles 
for the 82C322 Memory 
Controller. 


LOCAL BYTE ENABLE 1 
is an active low input from 
the 80386 CPU indicating 
data transfer on the second 
lowest byte. It is an output 
during DMA and MASTER 
cycles for the 82C322 
Memory Controller. 


LOCAL BYTE ENABLE 2 
is an active low input from 
- the 80386 CPU indicating 
data transfer on the second 
highest byte. It is an output 
during DMA and MASTER 
cycles for the 82C322 
Memory Controller. 
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CPU INTERFACE ee 


LOCAL BYTE ENABLE 0 
is an active low input from 
the 80386 CPU indicating 
data transfer on the highest 
byte. It is an output during 
DMA and MASTER cycles 
for the 82C322 Memory 
Controller. 


ADDRESS STATUS is an 
active low signal from the 
80386 CPU indicating the 
initiation of a CPU cycle. 


WRITE/READ is input from 
the CPU. When lov, it 

indicates a write cycle. When 
high, it indicates a read cycle. 


DATA/CONTROL is input 
from the CPU. When high, it 
indicates a data transfer. 
When low, it indicates a 
control transfer. 


INTERRUPT 
ACKNOWLEDGE is an 
active low output to the 
interrupt controller of the 
§2C226 (IPC2), in response 
to an interrupt request. 


TPE eee 


high output. When low it 
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indicates a local device not- 
ready condition leading to 
wait state generation via the 
MCA -CHRDYRTN signal, 
to external MASTERs. When 
high it allows termination of 
the current local cycle. 
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MCA INTERFACE (continued) 


- TT TE = . 


RETURN is an active low 
input. It is derived from 
NANDing the -CD CHRDY 
inputs from all the MCA 
connectors, and other on 
board ready signals (like 
DMASRDY from 82C223, 
MEMRDY from 82C322 
etc.). 


ADDRESS DECODE 
LATCH is an active low 
output. It controls the address 
latches used to hold the 
addresses during bus cycles. 
This signal is inactive for 
Matched Memory Cycles. 


EXTERNAL ADDRESS 
LATCH ENABLE is an 
active high output used to 
latch the LA2-LA31 address 
lines (from CPU), to the A2- 
A31 lines on the MCA. 


M BUS STATUS lines are 
active low. These lines 
are output for CPU, DMA 
and Refresh cycles and 
input for MASTER cycles. 


M BUS COMMAND is 
active low, indicating when 
data is valid on the data bus. 
The trailing edge indicates 
the end of a cycle. It 1s output 
for CPU, DMA and Refresh 
cycles, and input for 
MASTER cycles. This signal 
could be used by the slaves to 
latch the address on the MCA 
bus. 
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MCA INTERFACE eed a 


It is output for CPU cycles 


a M BUS MATCHED 
only. 
R 


MEMORY COMMAND is 

MMC MATCHED MEMORY 
CYCLE REQUEST is an 
active high input from the 
MCA logic from 32 bit slaves 
requesting a matched 
memory cycle. 


an active low output 
MTR32 V/O 57 48 M BUS TRANSLATE 372 is 
an active high signal. It is 
low output for CPU, DMA 
| and Refresh cycles, and input 
for MASTER cycles. When a 
16-bit MASTER (or DMA) is 
active the MTR32 is tristated, 
and remains high hence a 
10K Ohm pull up resistor is 
7 required to make MTR32 
tristate active high. If a 32 
bit MASTER is active, the 
| _ MTR32 pin is tristated (but 
goes high due to pull up), the 
MASTER drives MTR32 
| low. 


signal,indicating that data is 
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valid on the data bus for 
matched memory cycles. 
Valid address has to be 
latched on the leading edge. 
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MCA INTERFACE a ae 


: “TTT i a 


an active high input. It is 
derived from "NAND"ing the 
- Py fp 


-CDDS16 inputs from all the 
MCA connectors,and other 
SAO VO 97 94 
SAI V/O 33 95 
LAO 17 60 
LAI 92 61 


on board DS16 signals (like 
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DMADS16 from the 
82C223, VGADS 16 from 
82C322 etc.). If only 
DS16RTN is high, it 
indicates a 16-bit data 
transfer request. If DS16RTN 
and DS32RTWN are high, it 
indicates a 32-bit data 
transfer request. 


DATA SIZE 32 RETURN is 
an active high input It is 
derived from NANDing the - 
-CD DS32 inputs from all the 
MCA connectors DS32RTN 
indicates a 32-bit data 
transfer request. 


BUS TIME-OUT is an active 
low input from the DMA 
controller, indicating that a 
bus time out has occurred and 
the current I/O cycle should 
be terminated. It terminates - 
XIORD or -XIOWR signal. 


ADDRESS LINES SAO, SA1 
These lines are output for 
CPU and DMA cycles and 
are latched. They are 
buffered to generate the 
MCA address lines AQ, and 
Al. They are input for 
Master cycles. 


LOCAL ADDRESS LINES 
LAO, LAI. CPU and 
MASTER cycles to the 
§2C223 DMA Controller, 
and input for DMA, and 
Refresh cycle from the DMA 
Controller. 
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MCA INTERFACE (continued) 


LA31 LOCAL ADDRESS LINE 
LA31 is input from the 80386 
- a. | 


for CPU cycles to identify 
— yo ; 


80387 accesses. It should be 
DMA INTERFACE 


pulled up with a 4.7K Ohm 


resistor. 
mp goes 


LOCAL BTYE HIGH 
ENABLE from the 82C223 
DMA controller, used to 
generate action codes. - 
LBHE is an output during 
CPU cycles generated by 
decoding -LBE<0:3>. 


SYSTEM STATUS is an 
active high output indicating 
a system disk access. 


an active high input 
generated by the CPU, 
relinquishing the bus to the 
DMaA controller or to an 
external MASTER. 
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DMA INTERFACE (continued) 


HLDAO ~ | LT HLDAO is active high output 


generated by 321 in response 
to HLDA input from CPU. 
This output goes to HLDA of 
82C223. This makes sure 
that HLDA to the 82C223 is 
not deasserted (until the 
DMA cycle is complete) 
when CPU is reset. 


MASTER is an active low 
input indicating that a 
MASTER device on the 
MCA is in control of the 
system. 


REFRESH is an active low 
input from the DMA 
controller initiating a system 
refresh cycle. This input is 
registered in bit 4 of Port 61. 


DISK CONTROLLER DMA 
ACKNOWLEDGE from the 
DMA Controller is an active 
low input. This introduces 
additional wait states when 
accessing the floppy disk 
controller during DMA 
operations. 
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MEMORY CONTROL 


AF32 is an active low input 
GATEA20 AL 23 87 


from the 820322 Memory 
Controller, indicating a 32 bit 
local DRAM access, and 
eas X BUS I/O READ is an 
active low output strobe 
_ pp 


82C322 generates ready for 
directing an I/O port to place 
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ON BOARD I/O PORT is an 
active low input from the 
82C322 Memory controller, 
indicating I/O access in the 
address range 0-3FF. 


PGATE A20 input active 
high from the 8042 Keyboard | 
controller. This is ORred 
with bit 1 of Port 92 to 
generate GA20 signal to 322. 


GATE A20 output to the 
82C322 memory controller. 
When low, forces the LA20 
line low and when high, it 
propagates the CPU A20 line. 
It is used to keep address 
under 1Mb in DOS 
environments. It is high for 
DMA and MASTER cycles. 
Itis OR of GATEA20 input 
and bit 1 of Port 92. The 
actual gating of A20 is done 
in the memory Controller 
§2C322. 


the CPU. 
data on the data bus. 


X BUS I/O WRITE is an 
active low strobe directing an 
I/O port to accept data from 
the data bus. 
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BUS INTERFACE (continued) 


X DATA BUS bits <7:0> to 
access internal registers 
of the 82C321. 


X ADDRESS lines <2:9> to 
access the internal 

registers of the 82C321. 
These lines are also used to 
determine the address range, 
and introduce appropriate 
wait states during I/O cycles. 


cen St cone SO cee OE eee Ol ee OO cee OO een SO 


BUS STEERING ENABLE 
is an active low output, used 
by the MCA bus steering 
logic to enable a 16 bit 
Master to access the upper 
word of channel slaves. It is 
active when a 16-bit 
MASTER is accessing the 
upper word (when SAI = 1). 


WRITE DATA LATCH 
ENABLE 1s an active low 
output, used by the 82C325 
Data Buffer during CPU 
cycles, to meet the hold time 
for MCA write cycles. When 
high allows data to pass 
through. This signal is low 
when -CMD1 is low during 
CPU cycles, and is high 
during DMA/MASTER 
cycles. 
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BUFFER CONTROL 
SDIR MCA DATA BUS 

sets the data path from the 
MCA to the MD bus. A high 
sets the data path from the 
MD bus to the MCA. 
ACTION CODE is a two bit 
encoded output for bus size 
control and byte assembly 
operations performed in the 


DIRECTION output. A low 
82C325 Data Buffer. 


NUMERICAL PROCESSOR 
_ BUSY is an active low input 
from the NPC, indicating that 
it is currently executing a 
command. It is used to 
generate the BUSY signal to 
the CPU. A 4.7K Ohm pull 
up resistor is required on this 


NUMERIC PROCESSOR 
ERROR is an active low 
input from the NPC 
indicating that an unmasked 
error condition exists. A 4.7K 
Ohm pull up resistor is 
required on this signal. 


NUMERICAL PROCESSOR 
RESET is an active high reset 
to the 80387. It is active 
when RESET3 is active or 
when a write operation is 
made to Port OF 1H. In the 
later case, 1t 1s active for a 
pre-defined period. 
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COPROCESSOR INTERFACE (continued) 


NPEXCPT NUMERICAL PROCESSOR 
EXCEPTION is an active 
| low output to the 82C226 
IPC2. It is connected + he - 
IRQ13 line in a PS/2 
environment. 


VGA INTERFACE 


VIDEO GRAPHICS 
ADAPTER REQUEST is an 
active low input from the 
82C451 VGA Controller, 
requesting a Fast VGA cycle. 
The 82C321 should be 
enabled to sample this input. 


VIDEO GRAPHICS _. 
ADAPTER COMMAND is 
an active low Fast VGA 
command indicating data 
transfer. During default 
cycles, -VWGACMD is 
generated identical to CMD1. 
When fast VGA cycle is in 
progress only -VGACMD is 
generated. No-CMD1is | 
generated. This is also used 
as latching signal to drive XA 
<Q:15> from MCA address 
bus. 
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POWER SUPPLIES 


Power Supply 


Table 2 lists the programming registers that are located on the 82C321 chip. 


Table 2 
Register Name Index Location 
Version Register |  8DH 82C321 
System Speed Select SEH §2C321 


System Option Register | 8FH 82C321 
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82C321 Register Descriptions 
Version Register RO: 
Index Register Port: 22H 


Data Register Port: 23H 
Index: 8DH (Read Only) 


82C321 version number (R) 


Initial version 
Reserved 
Reserved | 


System Speed Select Register R1: 


Index Register Port: 22H 
Data Register Port: 23H 
Index: 8EH 


Processor clock select (R/W) 


16MHz 
20 MHz 
25 MHz 
Reserved 


Indicates presence of 80387 Numeric coprocessor 
following power up. 


80387 Numeric coprocessor installed. 
80387 Numeric coprocessor not installed. 


Math Ready 


Numeric coprocessor generates Ready. (Default) 
82C321 generates Ready 
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System Speed Select Register Ri: (continued) 


Enabled (Default) 


This bit enables the delayed sampling of -AF32 signal used 
Disabled 


when the CPU clock is at 20 or 25 MHz. Setting of this bit 
—— 


delays the sampling of -AF32 by one CLK2 and also 
System Option Select Register R2: 


inserts one wait state in all bus cycles. It also delays 
generation of all MCA signals by one CLK2 cycle. -CMD 
pulse width increases by one CLK2. 


Index Register Port: 22H 
Data Register Port: 23H 
Index: 8FH 


[ae Row 


Matched Memory Cycle Timing select (R/W). The default 
= 0 = 250 ns cycles at 16 MHz, 250ns cycles @ 20 Mhz 
and 240 at 25 MHz. When set to one, the cycles are as 
follows: 187.5ns @ 16 MHz, 150ns @ 20 MHz and 120ns 
at 25 MHz. 


Matched Memory Cycle disabled. (Default) 
Matched Memory Cycle enabled. 


VGA Enable bit (R/W). When this bit is set to 1, it enables 
a fast VGA cycle. The cycle may be extended by using the 
CHRDY. 


Disabled fast VGA cycle. (default) 
Enabled (Enables a fast VGA cycle. The cycle may be 
extended by using the CHRDY. 


Data Ready Extend (R/W). When this bit is set to one it 
inserts one wait state after the 82C321 samples CHRDY 

active. It provides extended data set-up time for read cycles 
only. 


Data Ready extend disabled. 
Data Ready extend enabled. (Default) 


pe 
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82C321 CPU Controller PRELIMINARY 


82C321 Absolute Maximum Ratings 


Parameter Symbol _ Min. Max. Units 
Supply Voltage VCC 7.0 V 
Input Voltage VT. “0, 5 VCC + 0.5 V 
Output Voltage vO -0.5 5-5. V 
Operating Temperature TOP -259 §50 C 
Storage Temperature TSTG__ -409 1250 C 
Maximum Power Dissapation - TBD 


NOTE: Permanent device damage may occur if absolute maximum 
ratings are exceeded. Functional operation should be 
restricted to the conditions described under Operating 
Conditions. 


82C321 Operating Conditions 


Parameter Symbol Min. Max. Units 
Supply Voltage VCC 4.75 5.25 Vv 
Ambient Temperature TA QO 709. C 


82C321 DC Characteristics 
Operating Conditions: TA =00C to 700C, VCC = 4.75 to 5.25V 


Parameter Symbol _ Min. Max. Units 
Input Low Voltage Vil -0.5 +1.5 V 
Input High Voltage wu +1.2 VCC+0.5 V 
Output Low Voltage vol +0.45 V_(Note 1) 
Output High Voltage VOH 2, 4 V_(Note 1) 
Input Leakage Current In -10 +10 uA 
BSVINSY CC 

Power Supply Current @ 16MHz ICC TBD - mA 
Output High-Z Leakage Current — IOZI1 -10 -10 uA 
0.45<VOUT<VCC 


Note 1: IOL = 8mA and IOW = -8mA for -MADL, -CMD1, -MMMCMD, and -VGACMD 
IOL = 4mA and IOV = -4mA for all other output pins 
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82C321-16 AC Characteristics PRELIMINARY 
(TA =0°C to 709C, VCC = 5V +5%, A.C. load = 85pf) 


t103 PCLK2 rise time 


t104 PCLK2 fall time | 


t105 DMACLK2 period | 50 pms | 


Min 


(oe) 1S.) 
aa _— 


a 
DN} N 


t106 OSC/12 period 
t107 DMACLK2 low time 
t108 DMACLK2 high time 


t109 DMACLK2 rise time | 
t110 DMACLK2 fall time 


2 RESET sce dyfowPG | 
ie SET REET pine w PR? S| fos 
ns RESET ESTE wan | 
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82C321-16 AC Characteristics PRELIMINARY 
(TA =0°9C to 709C, VCC = SV + 5%, A.C. load = 85pf) 


CPU CYCLES: 


t120 -AF32 setup to PCLK2 


t121 -AF32 hold from PCLK2 
{123 -DSI6R'TN ,DS32RTN setup to PLCK2 


{124 -DS16RTN, DS32RTN hold from EALE* Ss} jas fo 


t125 -CHRDYRITN setup to PCLK2 


© 
- 
7 


tl26 -CHRDYRITIN hold from PCLK2 


— it poet 
em} 


t127 -READY setup to PCLK2 
t128 -READY hold from PCLK2 
t129 -ADS setup to PCLK2 
t130 -ADS hold from PCLK2 


NO 
7) 


2 


~N N N 


t131 LM/-IO setup to PCLK2 


i) 
=) 
nN 


re 
{132 LM/-IO hold from PCLK2 Se 
t133. -LBE<0:3>, LA31 setup to PCLK2 26 | [ns 
ct Ln Law FOG fe | Jw | 
fs Winewwe ree |e 
_Wikintnw Je | wf 

fib oieenpe ree fe 
[at_beChaiow Oo] 
pce 
(omer 
Aiba wpmeena fo |e | 
Est -onormponaie io | ef 
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§2C321-16 AC Characteristics 

(TA =00C to 70°C, VCC = 5V + 5%, A.C. load = 85pf) 
INPUT REQUIREMENTS (continued) 

t155 -VGAREQ setup to PCLK2 

t156 -VGAREQ hold from PCLK2 


OUTPUT DELAYS: 


tl160 -MS0O,-MS1,-LSO,-LS1 active from PCLK2 


t161  -MS0,-MS1.-LS0.-LS1 inactive from PCLK2 


tl62 SA<1:0> valid delay from BE<0:3> 
“MADL active delay from PCLK2 
--MADL inactive delay from PCLK2 
tl65  -CMD1 active delay from PCLK2 


o> o> o> 
ON aa W 


-CMD1 inactive delay from PCLK2 
t167 -XIORD,-XIOWR active from PCLK2 
1t168 -XIORD,-XIOWR inactive from PCLK2 
t169 SDIR active delay from PCLK2 
ti70 SDIR inactive delay from PCLK2 
tl171 -READY active delay from PCLK2 
t172 -READY inactive delay 
tl73. BEALE active from PCLK2 
t174 EALE inactive from PCLK2 
t176 AC<1:0> active delay from PCLK2 
t177 AC<1:0> inactive from PCLK2 


Cc? 

pod, 
~] 
oe) 


-INTA active delay from PCLK2 


t179 -INTA inactive delay from PCLK2. 
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82C321-16 AC Characteristics , PRELIMINARY 
(TA =00°0C to 70°C, VCC = 5V + 5%, A.C. load = 85pf) 


tl82 -MBE<3:0> active delay from BE<3:0> 


= 

a7 MAT eivedwynomnDA | fs | 
a8 MATPimsieay oma |_| 
ns aMewDacienonrGe | ew | 
90 MUMCMDiniveromPeLR | ew | 
91 MDAOwive fmm” |S 
92 bAOImieroNIMDA es | 


m epunteamarser | fe 

( Register bit to output pin ) : | 

ai GxTEAeD eae omrowvenen [fo fe |_| 

aie GATEAADincie dey omPOwTEADD | la fs 
al 
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82C321-16 AC Characteristics PRELIMINARY 
(TA =0°9C to 700C, VCC = 5V + 5%, A.C. load = 85pf) 


DMA CYCLES : 


INPUT REQUIREMENTS 


t210 -LSO,-LS1 active setup to DCLK2 
t211 -LSO,-LS1 hold from DCLK2 
t212 LA<0:23> setup to DCLK2 

t213. LA<0:23> hold from DCLK2 


Ws 


(214 -LBHE setup to DCLK2 


bO 
peed 


— oma cam WW in am — U2 < 
© >) 3) 7 ws — 
i= 


t216 DS16RTN,DS32RTN setup to DCLK2 


© 


‘218 CHRDYRTN setup to DCLK2 _ 
219 CHRDYRTN hold from DCLK2 


t220 LM/IO setup to DCLK2 


{221 LM/IO hold from DCLK2 


t230 -MS0,-MS1,MM/-IO valid delay 
30 ns 


from -LSO,-LS1,LM/-IO active 


t231 -MS0,-MS1,MM/-IO inactive delay 
from DMACLK2 | 30 ns 


1232 SA<1:0> delay from LA<1:0> valid p30 [ns fo 
t253 -MBE,LBE<0:3> active delay from 
LAO, LAI, BHE ; 34 Ins 


es ceoatene rs fos fos | 
LAO, LA1, BHE 25 ns 

[a VouCuaciverin omen | Os | 
256 VGACHDincie dey femDeue | —*fO as | 
as ewbiawtombae Ss | 
rs cwprcefemDeu | sf 
ass MDLacretemDe® SOs | 
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82C321-16 AC Characteristics PRELIMINARY 
(TA =0°C to 700C, VCC = 5V + 5%, A.C. load = 85pf) 


OUTPUT DELAYS (continued) 

t259 -MADL inactive from DCLK2 | 
t260 EALE active from DCLK2 

t262 EALE inactive from DCLK2 


=) 
Yn 


nN 1) ” 


t263 AC<0:1> active delay from DS16/32RTN 


t264 AC<0:1> inactive delay from DCLK2 


op) 


BERR. 
— 


t267 SDIR active delay from LSO, LS1 


—”N 


1268 SDIR inactive delay from CMD inactive 


Bi BR} wl piwl wl wl] w 2 
oOlo!l ana|ol!l]lsplolo!loso S 
= 


oe) 


le 
N 


” 


1269 -XIOWR active delay from DCLK2 


TN 


ct 

Ss 
~ 
) 


-XIOWR inactive delay from DCLK2 | 
| “XIORD active delay from DCLK2 
-XIORD inactive delay from DCLK2 
t273 -READY active delay from DCLK2 


=) 
nn 


wl wl al al a 
Se OO i, ee 
” 


- 

i) 
=) 
wn 


t274 -READY inactive delay from DCLK2 | 


=) 
7) 


oa ct 
hO i) 
| ~~] 
Nh — 


t276 -MBHE valid from LBHE valid 


t280 = -LLSO,-LS1,-LM/-IO valid delay 
from -MS0O, -MS1, MM/-IO active 


t281 -LSO, -LS1, -LM/-IO inactive delay 
from -MSO, -MS1, MM/-IO inactive 


t288 -VGACMD active delay from -CMD1 active 
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82C321-16 AC Characteristics PRELIMINARY 
(TA = 09C to 700C, VCC = 5V + 5%, A.C. load = 85pf) 


2) 


t290 -XIORD active delay from ~CMD1 active 


t291* -XIORD inactive delay from -CMD1 inactive 
t292 -XIOWR active delay from -CMD1 active 


7p) 


DN 


t293. -XIOWR inactive delay from -CMD1 inactive 


N 


Sp) 


t294 -CMD1 active to BDRDY active 
(for peripheral devices) 


295. -CMD1 active to BDRDY active 
(for non peripheral devices) 


HH 


Numeric Coprocessor Interface 
1296 -NPEXCPT active delay from NPBUSY inactive -_ 
t297 -NPEXCPT inactive delay from -XIOWR | |25 Ins | 


t298 NPRST active delay from PCLK2 
t299 NPRST pulse width 


NOTES: 
1. The -OBIOP signal should be held active throughout the cycle. 


2. The DSKDACK signal is an input (given by 82C223 DMA controller) to indicate 82C321 to 
introduce additional wait states in the DMA cycle for floppy disk controller accesses. 


3. The -RFSH and -BTO are asynchronous inputs. 


* — The signal should be held active until EALE goes low. 
** These are provided for testing purposes only. 
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82C321-20 AC Characteristics PRELIMINARY 
(TA =00C to 700C, VCC = 5V + 5%, A.C. load = 85pf) 


t103 PCLK2 rise time 


t104 PCLK2 fall time 
t105 DMACLK2 period 


t106 OSC/12 period 840 
t107 DMACLK2 low time 
tl08 DMACLK2 high time 


t109 DMACLK2 rise time 
t110 DMACLK2 fall time 


i RET aay PCTS] 
13, RESES RESET dehy fomPCLR | 
4 RESET RESET opine @PCLIG 


Coa : 
~~ 


0.8 to VCC 
-0.8V 

VCC -0.8 to 
-0.8V 


— | 
ON} Ww 


& 
” 
S 
=) 
pat 
14 
© 
o- 
ie") 
” 


ON SS) 
id 
n 
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82C321-20 AC Characteristics PRELIMINARY 
(TA =00°C to 700C, VCC = 5V + 5%, A.C. load = 85pf) 


CPU CYCLES: 


INPUT REQUIREMENTS | Min |Max | Unit | Notes 
-AF32 setup to PCLK2 


amal 
ped 
-) 


-AF32 hold from PCLK2 


ot 
poems 
N 
pool 


t123  -DSI6RTN ,DS32RTN setup to PLCK2 
t124. -DSI6RTN, DS32RTN hold from EALE* 
-CHRDYRTN setup to PCLK2 


ot 
peak 
W* 


-READY setup to PCLK2 


ot o> o> 
ey — poh 
NO ho NO 
CO ~] ON 


-READY hold from PCLK2 


t129 -ADS setup to PCLK2 


t130 -ADS hold from PCLK2 
t131 LM/-IO setup to PCLK2 0 


-CHRDYRTN hold from PCLK2 


t132 LM/-IO hold from PCLK2 


=) 
”n 


"A 2) 


t133.  -LBE<0:3>, LA31 setup to PCLK2 
t134 -LBE<0:3>, LA31 hold from PCLK2 
t135  W/-R setup to PCLK2 


* 
"NM 


t136 W/-R hold from PCLK2 


=) 
”N 


_) oe) 
i) 
nn 


{137 D/-C setup to PCLK2 20 - ns 


is prow 
> MMR ra Ow | 
io wmcrowionree Ow | 
ng Wbawperce fw | 
0 [is 
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82C321-20 AC Characteristics PRELIMINARY 
(TA =0°C to 700C, VCC = 5V +5%, A.C. load = 85pf) 


INPUT REQUIREMENTS (continued) Min |Max | Unit |N 
i5_VOAROm FOE a 
t156 -VGAREQ hold from PCLK2 ae 


ann 
ele 


OUTPUT DELAYS: Min | Max Notes 

t160 -MS0,-MS1,-LS0O,-LS1 active from PCLK2 

t161 -MSO,-MS1,-LS0,-LS1 inactive from PCLK2 
valid delay from BE<0:3> 


nN 
Wi nit N 
N | NT WN 


t163 -MADL active delay from PCLK2 


t164 -MADL inactive delay from PCLK2 
-CMD1 active delay from PCLK2 | fis [ns 

t166 -CMD1 inactive delay from PCLK2 -_ 
t167 -XIORD,-XIOWR active from PCLK2 -_ 
{168 -XIORD,-XIOWR inactive from PCLK2 - 
bed 


- 

N 

- 
72) 


t169 SDIR active delay from PCLK2 
t170 SDIR inactive delay from PCLK2 = 
t171 -READY active delay from PCLK2 _ 


{172 -READY inactive delay 
t173 EALE active from PCLK2 |54 ns 
t174 EALE inactive from PCLK2 9/35 


t176 AC<1:0> active delay from PCLK2 


t177 AC<1:0> inactive from PCLK2 = 


ct ct 

a penn 

ON ON 

wr i) 

Sa) 

> 

N 

ie 

oO 

V 
WW 
>) 

” ” ” 


-INTA active delay from PCLK2 


ot (mao 
— _ 
~ ~ 
\O (oe) 


-INTA inactive delay from PCLK2 
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82C321-20 AC Characteristics PRELIMINARY 
(TA =09C to 700C, VCC = 5V + 5%, A.C. load = 85pf) 


OUTPUT DELAYS: (continued) Min |Max | Unit 
2 [| 


or 

— 
‘o,2) 
© 
Nn 
© 


‘ 


t182 -MBE<3:0> active delay from BE<3:0> 


t183. -LBHE, -MBHE active delay from BE<3:0> valid 


ti85  -VGACMD active delay from PCLK2 


Se) We) I) WW SY) eS) WW N WN i, 
5 
: 


0 


ACCESS TO INTERNAL REGISTERS 


t200 GATEA20 delay from rising edge of XIOWR 
( Register bit to output pin ) 


Max | U Notes 


nit 


oa > Wr 
a) © © 
a 


—* 
© 


n 
n 
n 
n 
n 
n 
n 
n 
n 
nN 
Nn 
nN 
n 
n 


205 SYSSTA active from -XIOWR 
(206 SYSSTA inactive from -XIOWR 


S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S) 
ns 
ns 


N N Nn 
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82C321-20 AC Characteristics PRELIMINARY 
(TA = 00°C to 700C, VCC = 5V + 5%, A.C. load = 85pf) 


DMA CYCLES : 


INPUT REQUIREMENTS 
(210 -LSO,-LS1 active setup to DCLK2 


t211 -LSO,-LS1 hold from DCLK2 


an GuovNemesaa jo | fe | 
1219 CHRDYRTN hold from DCLK2 to} fas fo 


t220 LM/IO setup to DCLK2 10 


t221 LM/IO hold from DCLK2 | 


t230 -MS0,-MS1,MM/-IO valid delay 
from -LSO,-LS1,LM/-IO active 30 ns 
t231 -MS0,-MS1,MM/-IO inactive delay | 
from DMACLK2 | 30 ns 


1232 SA<1:0> delay from LA<1:0> valid | 30 Jos fo 
t253 -MBE,LBE<0:3> active delay from 
LAO, LA1, BHE 34 ns 


ee eaoatame Ts fs | 
LAO, LA1, BHE 25 ns 

as voucuaciemintoaDe@ | sf 
B56 GACH inst asiytomeuR | jw fs | 
Ee 
i cwptcefomeu® | es | 
ER 


Rev 1.0 | | Page 45 


82C321-20 AC Characteristics | PRELIMINARY 
(TA =00C to 700C, VCC = 5V + 5%, A.C. load = 85pf) 
Min | Max N 


a 
=[ 
=| 
a 
=| 
=| 
=| 
=| 
=[ 

S 


OUTPUT DELAYS (continued) 
t259 -MADL inactive from DCLK2 | 
1260 EALE active from DCLK2 


>}; f&} 
Oo; Of] © 


EALE inactive from DCLK2 


SS 
on 
nS 


t263 AC<0:1> active delay from DS16/32RTN 
t264 AC<0:1> inactive delay from DCLK2 
t267 SDIR active delay from LSO, LS1 

t268 SDIR inactive delay from CMD iiecave 


ON 
Ne) 
aan nen Ss) a U2 CS) WW WO 


-XIOWR active delay from DCLK2 


ef 


a 
1273 -READY active delay from DCLK2 30 


1274 -READY inactive delay from DCLK2 po 30 ms fo 
1276 -MBHE valid from LBHE valid a 


t280 -LSO,-LS1,-LM/-IO valid delay | 
from -MS0, -MS1, MM/-IO active 


t270 -XIOWR inactive delay from DCLK2 
t271 -XIORD active delay from DCLK2 


t272 -XJORD inactive delay from DCLK2 


t281 -LSO, -LS1, -LM/-IO inactive delay 
from -MSO, -MS1, MM/-IO inactive 
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82C321-20 AC Characteristics PRELIMINARY 
(TA = 00°C to 700C, VCC = 5V + 5%, A.C. load = 85pf) 


t293. -XIOWR inactive delay from -CMD1 inactive 


t294. -CMD1 active to BDRDY active 
(for peripheral devices) 


t295 -CMD1 active to BDRDY active 
(for non peripheral devices) 


ae | 
|t297 -NPEXCPT inactive delay from -XIOWR 25 jms | 


1298 NPRST active delay from PCLK2 2s jms fo 


NOTES: 
1. The -OBIOP signal should be held active throughout the cycle. 


2. The DSKDACK signal is an input (given by 82C223 DMA controller) to indicate 820321 to 
introduce additional wait states in the DMA cycle for floppy disk controller accesses. 


3. The -RESH and -BTO are asynchronous inputs. 


* The signal should be held active until EALE goes low. 
** ‘These are provided for testing purposes only. 
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82C321-25 AC Characteristics | PRELIMINARY 
(TA = 00°C to 700C, VCC = 5V + 5%, A.C. load = 85pf) 


as DIAG 
ee ee 
or pwAGKwime «Ys 
a 


tl09 DMACLK2 rise time 16 Q. g to VCC | 
-0.8V 

i110 DMACLK2 fall time fe VCC -0.8 to 
| 0.8V 


2 RESET ce deyfonFe® 
1 RESETS RESET ine ey om PORE 

i REET REponew FC? po] — fs 
as RSET RESET ewan 
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$2C321-25 AC Characteristics PRELIMINARY 
(TA =00°C to 700C, VCC = 5V + 5%, A.C. load = 85pf) 


CPU CYCLES: 


| 

(ai_-aviaien oa» | 
a_Daam osu | 

(2t_-BS@ BRN hea sf 

(a GuDVENmwerae fe | fe | 
{126 -CHRDYRTN hold from PCLK2 Ce 
{127 -READY setup to PCLK2 10 pms fo 
s_aenbYigiome@ fe |e 
a _aaimpore@e ee 
fa aati 
{131 LM/-IO setup to PCLK2 to} fas fo 
am innionadioamae fe |e | 
is _aakao Lol mee Oe |e | 
fo aks Loam |e |e | 
oS Wimmera fe |e | 
fis Wiaionmeue fe |e 
os peepee 
om _piememenam fee 

ns 


{139 MMCR setup to PCLK2 tof 
t140 MMCR hold from PCLK2 tof His 


{143 HILDA setup to PCLK2** | 
{151 -OBIOP setup to PCLK2 
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82C321-25 AC Characteristics PRELIMINARY 
(TA = 00°C to 700C, VCC = 5V + 5%, A.C. load = 85pf) 


INPUT REQUIREMENTS (continued) 


io esis amemaree | iw | 

t161 -MSO,-MS1,-LSO,-LS1 inactive from PCLK2 ss |25 jms fo 

{162 SA<1:0> valid delay from BE<0:3> p22 fms fo 
Ps 


tl63 -MADL active delay from PCLK2 


t164 -MADL inactive delay from PCLK2 — |30 ns | 


tl65 -CMD1 active delay from PCLK2 | [29 | ns 


t166 -CMDI1 inactive delay from PCLK2 | 


t167 -XIORD,-XIOWR active from PCLK2 | [40 ns | 


7 
7) 


t168 -XIORD,-XIOWR inactive from PCLK2 
t169 SDIR active delay from PCLK2 
t170 SDIR inactive delay from PCLK2 a 
t171 -READY active delay from PCLK2 | 
{172 -READY inactive delay 4 
{173 EALE active from PCLK2 = 
tl174 EALE inactive from PCLK2 o | 
t176 AC<1:0> active delay from PCLK2 = 
t177 ACK1-0> inactive from PCLK2 a 
{178 -INTA active delay from PCLK2 = 
_ 


t179 -INTA inactive delay from PCLK2 
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82C321-25 AC Characteristics PRELIMINARY 
(TA =0°C to 700C, VCC = 5V + 5%, A.C. load = 85pf) | 


OUTPUT DELAYS: (continued) 
t182 -MBE<3:0> active delay from BE<3:0> 


t183 


t191 HLDAO active from HLDA | J6 | PcLK2 
t192 HLDAO inactive from HLDA p30 fms fo 


ACCESS TO INTERNAL REGISTERS | Min |Max [Unit |Notes | 


t200 GATEA20 delay from rising edge of XIOWR 50 n 
( Register bit to output pin ) : 


1201 GATEA20 active delay from PGATEA20 


at? CATEADDimsive dey emCATINDO [Os 
a8 _Vaidedaaton-s0oRD eve | __~O_ fs 
= 
I 

a 


aw 
© 


1206 SYSSTA inactive from -XIOWR 
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82C321-25 AC Characteristics PRELIMINARY 
(TA = 00°C to 700C, VCC = 5V + 5%, A.C. load = 85pf) 


DMA CYCLES : 


t211 -LSO,-LS1 hold from DCLK2 


aoe Om | 
at twowanenpax? iB | 


t230 -MS0,-MS1,MM/-IO valid delay , 
30 ns 


from -LSO,-LS1,LM/-IO active 


(231 -MSO,-MS1,MM/-IO inactive delay 
from DMACLK2 30 ns 


1232 SA<1:0> delay from LA<1:0> valid p30 [ns fo 
t253 -MBE,LBE<0:3> active delay from | 
| LAO, LA1, BHE 34s | ns 
t254 -MBE, LBE<0:3> inactive delay from 
LAO, LA1, BHE | 25. |ns 


Bs voucuacvewyompas | fo fs | 
(56 NGACHDimciweasy tem DeuD | fo fs | 
ESCO 
21s Cnt se embet® iO 
a5 ADL tame iS es | 
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82C321-25 AC Characteristics PRELIMINARY 
(TA =0°C to 700C, VCC = 5V + 5%, A.C. load = 85pf) 


OUTPUT DELAYS (continued) Min |Max | Unit 


t259 -MADL inactive from DCLK2 


t260 EALE active from DCLK2 

t262 EALE inactive from DCLK2 

t263 AC<0:1> active delay from DS16/32RTN 
t264 AC<0:1> inactive delay from DCLK2 


o>} 


t267 SDIR active delay from LSO, LS1 


=) 


S ca See Saat _ Ss») > WW Wi, wy] Ww 
Oo}; © —) <n) rn) nN © hl, oOo; oO}; & 
”n ” ” ” ” ” 


t268 SDIR inactive delay from CMD inactive 
t269 -XIOWR active delay from DCLK2 
t270 -XIOWR inactive delay from DCLK2 


=) 


=) 


t271 -XIORD active delay from DCLK2 


t272 -XIORD inactive delay from DCLK2 ns 


1273 -READY active delay from DCLK2 | 30 fas fo 
t274 -READY inactive delay from DCLK2 p30 fas fo 
276 -MBHE valid fom LBHE vai Yao es 


t280 = -LSO,-LS1,-LM/-IO valid delay 
from -MSO, -MS1, MM/-IO active 


t281 -LSO, -LS1, -LM/-IO inactive delay 
from -MSO, -MS1, MM/-IO inactive 25 


2 tA deytomsansarmet |e | 
2 LAOiaciedy towsA0sartwm [ffs | 
BH eaten ems || 
285 Raimcedehyfom-ade Ss | 
236 _ADRDYinwciedeyfom-adt es | 

es 


t288 -VGACMD active delay from -CMD1 active 
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82C321-25 AC Characteristics PRELIMINARY 
(TA =0°C to 700C, VCC = SV + 5%, A.C. load = 85pf) 


EXTERNAL MASTER: (continued) Max Notes 
[a 
a SRD a yom OwDIaae | 
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a RWRacn daw cwOIaaee | 
9h OW yon Gems | [fw _ 
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(for peripheral devices) 


ns 
ns 
DCL 
1295 -CMDI1 active to BDRDY active 1 2 DCL 
_ (for non peripheral devices) 


Numeric Coprocessor Interface 


es | 
a 
ie NIRSTosiwariytomeGe fs | 
Er 


1. The -OBIOP signal should be held active throughout the cycle. 


2. The DSKDACK signal is an input (given by 82C223 DMA controller) to indicate 82C321 to 
introduce additional wait states in the DMA cycle for floppy disk controller accesses. 


3. The -RFSH and -BTO are asynchronous inputs. 


* The signal should be held active until EALE goes low. 
** ‘These are provided for testing purposes only. 
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Figure 2.2 20MHz (AF32 Option Enabled) CPU MicroChannel Default Cycle 
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Figure 2.3 16MHz CPU MicroChannel Default Cycle 
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Figure 2.4 82C321 DMA Cycle (1 Wait State) 
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Figure 2.4A 82C321 DMA Cycle (O Wait State) 
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Figure 2.6 16MHz Matched Memory Cycle 
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Figure 2.7 20MHz, 25MHz (AF32 Option Enabled) Fast VGA |/O Cycle 
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Figure 2.8 16MHz Fast VGA 1/0 Cycle 
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25MHz (AF32 Option Enabled) Matched Memory Cycle 
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Figure 2.9 Master Timing 
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Figure 2.10 Numeric Processor Cycle 
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Figure 2.11 Numeric Processor Reset Timing 
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Figure 2.12 Internal Register Access Timing 


Note : The number of CPU wait states for register access varies with frequencies, as shown in table below. 
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Figure 2.14 MISC. Timing 
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Figure 2.15 GATEA20 Timing 


Figure 2.16 MITIR32_ Timing 
(for 16 bit DMA or Master) 
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Figure 2.17 321 Input Timing 
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Figure 2.18 Reset 1, Reset 3 and Reset 4 Timing 
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Figure 2.21 RESET2 asserted during HLDA high 


NOTE : The 80386 deasserts HLDA when RESETS goes active, this can end a DMA 
cycle in progress. The 82C321 generates HLDAO (which goes to 82C223 
DMA controller) to correct this problem. If. RESET2 and HLDA occurs 
simultaneously RESET3 is generated and HLDAQ is _ not asserted, thus 
blocking the DMA cycle from starting, when RESETS is completed, HLDAO 
is sent to the 82C223 DMA controller. If the DMA cycle is already in 
“progress and RESET2 becomes active then RESET3 is not asserted until 
he Ais cycle is completed. The same logic applies to port 92 RESET 
operation. 
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Figure 2.22 25 MHz Synchronous Extended Cycle 
Note : The synchronous extended cycle occurs when the CHRDYRIN signal is 
sampled high in the middle of T2P. The CHRDYRTN signal becomes 
active (low) after CMD1 becomes active. This is similar to the 
default cycle except cycle time (hence CMD1 pulse width) increases 
by two CPU states. 


For example for 25 MHz the CPU cycle time Is 
320 nsec, and the default cycle time is 240 nsec. 
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Figure 2.23 25 MHz Asynchronous Extended Cycle 
Note : Asynchronous extended cycle occurs when the CHRDYRIN is active 
(low) asynchronously i.e. not synchronous with the CMD1 as in 
synchronous extended cycle. The CHRDYRIN is sampled at every 
T2P until sampled active (low) and the cycle time extends by 
two CPU states plus the number of CPU states for CHRDYRIN to 
become active (low). For example at 25 MHz the CHRDYRTN is 
sampled high at the middle of the second T2P (which introduces 
two CPU states in the time cycle), and the third T2P, hence the 
cycle time increases by 3 CPU states (6 PCLK2). 
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820321 CPU AND MCA Controller 


§2C322 Page/Interleaved Memory Controller PRELIMINARY 


FEATURES 


Page Mode access including single, two way and four way interleaved memory banks, 
providing higher performance over conventional DRAM addressing schemes. 


Supports remapping of RAM resident in 640K to 896K area or 512K to 896K area to 
anywhere from 1MB to 15MB area on 1MB boundaries. 


Supports 256K (x1 or x4), 1M (x1 or x4) DRAMs 
Supports up to 16 MBytes of memory configurable in four banks. 
Shadow RAM feature for efficient Basic Input Output System (BIOS) execution. 


Supports Lotus Intel Microsoft - Expanded Memory System (LIM - EMS 3.2) address 
translation. 


Supports Page Mode DRAMs 
16 KB Bad Block remapping for up to four 16K blocks 
Staggered refresh to reduce power supply noise 


Support for external EMS Mapper chip to support the 
full range of EMS 4.0. specification. 


Wait state generation for local memeory access by 
CPU, DMAC or External Masters. 


DRAMS locatable on CPU data bus for higher performance. 
EPROM Chip Select Logic. 

On Board I/O Logic and VGA Decode Logic. | 

PS/2 (1M) Model 80 compatible Address Recovery Logic. 


1.0 Overview 


The 82C322 performs the memory control function in a CHIPS/280 implementation of Model 
70/80. The 82C322 incorporates a unique interleaved page memory control mechanism that 
allows fast access to standard page mode DRAMs with near zero wait state operation. The 
Ready logic function is integrated to allow better synchronization between the 80386 and the 
memory controller. 
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82C322 Page/Interleaved Memory Controller PRELIMINARY 


In the two way interleaved mode, the average time for memory access is 2.7 cycles (0.7 average 
wait-states) with 2 banks of DRAMs. In the four way interleaved mode, the average time for 
memory accesses is 2.5 cycle (0.5 wait states) with 4 banks of DRAMs. 


 Page/Interleaved | 
CPU CLOCK 2 Way 4 Way DRAMS Speed 


1.1 Array Configuration 


The 82C322 organizes memory as banks of 36 bits, consisting of 32 bits of data and 4 bits of 
parity information. The 32 bits of data are split into four bytes, with one parity bit per byte. 
This configuration can be implemented by using four 9-bit wide SIMM DRAMs. The minimum 
configuration can be a single bank operating in non-interleaved mode up to a maximum of four 
banks of DRAMs operating in the four way interleaved mode. Since the 82C322 uses a two 
way/four way interleaving scheme, the DRAMs within a pair of banks must be identical. 


1.2 Page/Interleaved Operation 


The 82C322 uses a page/interleaved design that is different from most interleaved memory 
designs. Typical interleaving schemes use two banks of DRAMs with even word addresses on 
one bank and odd word addresses on the other bank. If memory accesses are sequential, the 
RAS precharge time of one bank overlaps the access time of the other bank. Typically, 
programs consist of instruction fetches interspersed with operand accesses. The instruction 
fetches tend to be sequential and the operand accesses tend to be random. 


Figure 3.1 is a sequence diagram for an interleaved memory scheme using two banks 0 and 1. 
The -RAS signals of the two banks are interleaved so that the -RAS precharge time (TRP) of one 
bank overlaps the -RAS active time in the other bank. This requires sequential accesses to be 
alternating between the two banks. For non-sequential accesses, it is possible to get wait states 
due toa "miss." Typically, this results in a 50% hit ratio. 


Figure 3.2 is a sequence diagram of a page-mode DRAM operation. In paged mode DRAMs, 
once a row access has been made, it is possible to access subsequent column addresses within 
that row, without the -RAS precharge penalty. However, after a -RAS active timeout, there is a - 
RAS precharge period which typically occurs every 10 microseconds. Since the -CAS precharge 
time TCP is small, it is possible to make fast random accesses within a selected row. Typically, 
page mode access times are half the normal DRAM access times. 
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Figure 3.1 DRAM Interleaved Operation 
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Figure 3.2 DRAM Page Mode Operation 
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256K X 1 DRAMsS are internally configured as 256 rows and 256 columns. If thirty six 256K X 
1 bit DRAMs are used to implement a bank, a page would have 256 X 4 bytes (excluding 4 bits 
for parity) = 1 Kbytes. When 1 MByte DRAMs are used, they are organized as 1024 rows and 
1024 columns. For this case the page size would be four times as large i.e. 4K Bytes. The 
maximum page size that can be realized using 1 MBit DRAMs and four way interleave scheme 
would be four 4KB pages. Thus paged mode DRAMs could be interleaved at 1 Kbyte to 16 
Kbyte boundaries. Any access to the currently active -RAS page would occur in a short page 
access time rather than the normal DRAM access time and any subsequent access could be 
anywhere in the same 4/8/16 Kbyte boundary (depending upon the type of DRAMs used and the 
memory configuration), without incurring any penalty due to -RAS precharge. If memory is 
configured to take advantage of this DRAM organization, significantly better performance can 
be achieved over conventional interleaving because: 


1 Page mode access time is shorter than normal DRAM access time. This allows more time in 
the DRAM critical paths, to achieve penalty free accesses or hits’. 


2 The possibility of the next access being fast is significantly higher than in a regular 
interleaving scheme. This is because instructions and data tend to cluster together by 
principle of locality of reference. The DRAM -RAS lines for both banks can be held active 
till the -RAS active time out period, at which time a -RAS precharge for that bank is 
required. Typical hit ratios higher than 80% are possible using this scheme with the 82C322 
memory controller, using the page/interleaved scheme, 120 nano second access time 
DRAMs can be used at 16 MHz and 100 nano seconds access time DRAMs at 20 MHz. 


In a four way interleaved scheme, the page size is doubled, as the memory controller maintains 
four page registers active at the same time. Four way interleaved memory organization is shown 
in Figure 3.3. When using 256K DRAMs, the page size is 4K (4 sequential 1 Kbyte pages) 
bytes. The 1 MBit DRAMs support 1024 bit rows. The 82C322 Memory Controller takes 
advantage of the increased row size, and the resulting page size is 16K Bytes. 

2.0 FUNCTIONAL DESCRIPTION 


Figure 3.4 is a block diagram of the 82C322 memory controller. It consists of the following sub- 
modules: 


m EPROM and DRAM control logic 

m Refresh Logic 

m System Control logic 

m Memory Mapping and Refresh logic 
m EMS Address Translation Logic 

m MCA Channel Check Recovery Logic 


= Configuration registers 
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Figure 3.4 82C322 Page/Interleave Memory Controller Block Diagram 
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2.1 EPROM and DRAM Control Logic 


The EPROM and DRAM control logic in the 82C322 is responsible for the generation of the - 
RAS, -CAS and -MWE signals for DRAM accesses and the generation of -ROMCS for EPROM 
accesses. This sub-module also generates -READY to the CPU upon completion of the desired 
local memory operation. The appropriate number of wait states are inserted, as programmed by 
software (or by default) in the wait state register of the 82C322. 


2.2 Memory Access State Machines and Arbitration 


The 82C322 supports memory requests from CPU, DMA, External Bus Masters and refresh 
requests. These accesses are arbitrated based on HLDA, -MASTER and -RFSH inputs. There are 
three state machines controlling each type of accesses. The CPU cycle state machine controls 
memory accesses requested by the CPU controller. The DMA and external Bus Master requests 
are handled by the DMA state machine. The refresh control state machine controls DRAM 
refresh operation. 


The refresh state machine is in control when -RFSH is active. When HLDA is active then the 
DMA state machine is in control. The only difference between DMA accesses (HLDA active 
and -MASTER inactive) and an access from an external Bus Master (HLDA and -MASTER both 
active) is that for DMA accesses, with external EMS disabled,the "GA20" is an output (A20 is 
an input), while for Master cycles, with external EMS disabled the "GA20" is an input,while 
A20 is an output. When external EMS is enabled A20 is input and GA20 is tristated. In all other 
cases, the CPU cycle state machine is in control for valid DRAM addresses as defined by the 
memory map in the configuration registers. The arbitration is not preemptive in that the current 
access 1s terminated before relinquishing the control. 


2.3 CPU Accesses 


The 82C322 is tightly coupled to the 80386 processor. It has an integrated bus controller, that 
constantly monitors the processor address and control lines. When it receives valid address and 
status information from the processor, it decodes the addresses and accordingly generates - 
ROMCS or -OBIOP or initiates a DRAM memory cycle. 


When 82C322 receives addresses to program its internal registers, it generatres -XDEN to 
enable input data via MA<0:7> lines. In all other cases MA<0:7> and MA<8:9> lines are used 
for providing row and column address information to the DRAMS. 


The 82C322 allows only the CPU to initiate page mode accesses. It maintains four page 
registers, called active page registers, which store the page address of the most recently accessed 
DRAM pages of the two/four way interleaved banks. Accesses to active pages are called "hits’ 
and are completed without additional wait states. 
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The 82C322 supports either one, two or four banks. Each bank has an active page register 
associated with it; the number of active pages vary with the amount of installed memory. In a 
single bank non-interleaved configuration, only one active register is in use. For each active page 
register in use, the corresponding -RAS stays asserted from the previous access. If the address 
stored in the active page register does not match the row address of the current access, then it is a 
"miss" cycle, and the -RAS line for that bank is de-asserted and activated following the RAS pre- 
charge time. | 


For CPU initiated access, the 82C322 monitors the processor address and status lines. When a 
valid memory request is detected, it activates -AF32 to the 82C321. The 82C321, when it 
samples -AF32 active, idles till the memory controller generates -READY to terminate the cycle. 
-RAS is maintained active if the current access is to an active page. If "page Hit" is not detected, 
then it de-asserts -RAS. After the programmed RAS pre-charge time, -RAS is asserted to select a 
new page. Appropriate -CAS and -WE signals are also generated. At the completion of the 
DRAM cycle, the 82C322 generates -READY back to the processor and the 82C321 to terminate 
the cycle. | 


2.4 DMA/Master Access 


DMA and Master cycles are identical. The only difference is that for Master initiated requests, 
with external EMS disabled the 82C322 uses GA20 as input and A20 as an output For DMA 
cycles with external EMS disabled , A20 is an input and GA20 is an output. When external EMS 
enabled , for both DMA and MASTER cycles A20 is an input and GA20 is tristated. For all 
other cycles, the "GA20" is an output. 


DMA/Master accesses are initiated by asserting HLDA. All the active -RAS lines are de- 
asserted on the low to high transition of HLDA. The DMA controller drives valid address and 
status information on the LA <0:23>, -LSO, -LS1 and LM/-IO outputs. The 82C322 receives - 
MSO, -MS1 and LM/-IO. The address and status information are decoded by the 82C322 to 
determine if it is an access to a memory location mapped by the 82C322. It uses the falling edge 
of -MADL to activate -RAS for the selected memory bank. As a result, the DMA cycle is 
always a non-page mode or conventional access to DRAMs. 


For read cycles, -CAS is activated using DLY input (if external delay line mode is selected. If 
not selected, the internal delay lines are used for -RAS, -CAS generation). For write cycles, - 
CAS is activated by the later of -CMD or DLY2 input. -RAS is de-asserted the programmed | 
delay after the assertion of -CAS (-CAS to -RAS delay is programmable in intervals of 0.5 
PCLK2 cycles). -CAS is terminated following the de-activation of -CMD. 


For DMA cycles, the 82C322 uses -MEMRDY to extend the cycle. -MEMRDY is driven 
inactive at the beginning of the cycle. It is driven active at the completion of the cycle. - 
MEMRDY is factored into the -CHRDYRTN logic and the 82C321 provides the ready signal. 
DRAM requests will not coincide with a refresh cycle already in progress, since the 82C223 
provides the arbitration. 
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2.5 Refresh Cycles 


Refresh cycles are initiated when the 82C322 samples HLDA and -RFSH active. All active RAS 
lines are driven high following the low to high transition on HLDA input. The 82C223 DMA 
controller generates the valid refresh address and status information for a refresh cycle. The 
82C322 activates -RASO and -RAS3 following the falling edge of -CMD. -RAS1 and -RAS2 are 
activated after some delay which is dictated by the delay line Gnternal or external). All the -RAS 
lines are driven high following the de-activation of -CMD input. 


The default refresh cycle is 200 ns. The refresh cycle can be extended by the -MEMRDY output 
from the 82C322. The 82C322 activates -MEMRDY following the falling edge of -MSO or 
-MS1. It is deactivated following the activation of -MCMD. The 82C321 monitors -MEMRDY 
(it monitors -CHRDYRTN. Since -MEMRDY is factored into -CHRDYRTN logic, it indirectly 
samples -MEMRDY). When -CHRDYRTN is sampled active, the 82C223 DMA controller 
removes the -RFSH input at the end of the TC state. During refresh cycle 321 generates 
-READY. 


2.6 RAS Time Out 


When using Page Mode DRAMs, the maximum RAS low pulse width specification will be 
maintained. For most DRAMs, this is 10 microseconds (although some DRAMs have 30 to 100 
micro seconds limit). The 82C322 maintains timers for each bank to ensure that the data 
integrity is maintained. RAS is de-asserted for each bank when its counter times out at about 10 
microsecond intervals. 


3.0 System Control Logic 


The 82C322 allows users to locate the DRAMs on the Processor Local Data Bus. When 
DRAMS are located on the local data bus, it generates -LMRD, -LMENL and -LMENH for 
controlling the external data transceivers to channel the DRAM data to the processor. The 
82C322 generates - 

DRD and DLE to the 82C325 Data Buffer. The 82C325 uses the -DRD signal to determine 
memory data transfer direction (when Bus Master is reading the memory) and DLE to latch the 
data from the DRAMs during a memory operation. The 325 uses the latched data to generate 
parity bits during write operations. 


Additionally, the 82C322 generates -XDEN during accesses to the internal registers of the 
82C322. Itis used to enable the XDO-7 lines onto the MAO-7 lines from an external buffer, for 
accessing the internal registers of the 82C322. -AF32 is issued by the 82C322 state machine. It 
is active for local memory accesses and meets the set up and hold times with respect to 
PROCCLK for the 82C321. 


_ The 82C322 incorporates on-chip decode circuitry to generate -OBIOP (on board I/O) 
-VGADEC signal which connects directly to 82C451/52 VGA controller. 
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The -VGADEC signal is activated when: 


1. A19 address line is high 
2. A<20:31> address lines are low 


When CPU is the bus master, this signal is latched with an internally generated ALE signal. 
When DMA or other bus masters are in control, this signal is latched by -MCMD input. 


The On Board I/O Peripheral Decode (-OBIOPB) output is activated when A<15:10> address 
lines and M/IO input are all low. -OBIOP is not active for INTA cycles or DMA I/O accesses for 
address 0. When CPU is the bus master, -OBIOP is latched by an internally generated ALE 
signal. When DMA.or an external master is in control, it latches on the high to low transition of - 
CMD. 


3.1 Memory Mapping 


The 82C322 has an extensive set of memory mapping registers for various memory 
organizations. The registers are discussed in section "Configuration Registers". Through the 
memory mapping logic, it is possible to map RAM that overlaps the EPROM and VIDEO area 
(640Kbyte - 896Kbyte assuming RAM split at 640K)) to the top of the 1 Mbyte area, as shown 
in Figure 3.5. Hence, for 1 Mbyte of on board RAM, the software can address it from O to 640 
Kbytes and from 896Kbyte to 1.256Mbytes. The EPROM can be addressed from the 896 Kbyte 
area to the 1 Mbyte area.If the split is at 512K in the system RAM, then the RAM from 512K to 
896K can be mapped from 1MB to 1.384Mbytes. 


For normal mode of operation, only one bank of DRAMs may be used. However, for the 
page/interleaved mode of operation, RAM bank pairs must be used. If only one bank is present 
and the 322 configured in page/interleave mode then the memory works in page mode only. 


3.2 Shadow RAM Feature 


For efficient execution of BIOS, it is preferable to execute BIOS code through RAM rather than 
through slower EPROMs. The 82C322 provides the Shadow RAM feature, which if enabled, 
allows the BIOS code to be executed from system RAM resident at the same physical address as 
the BIOS EPROM. The software should transfer code stored in the BIOS EPROMs to the 
system RAM, before enabling the shadow RAM feature. This feature significantly improves the 
performance in BIOS-call intensive applications. Performance improvements as high as 300 to 
400% have been observed in benchmark tests on the shadow RAM. The shadow RAM feature is 
invoked by copying the contents of BIOS EPROM to the same physical address(i.e. read the 
BIOS EPROM and write it to the same address)and disabling the ROM by writing 0 in bit 1 of 
Split Enable Register R23(1/O port E1).This bit disables the generation of -ROMCS for address 
range EQOOO-FFFFF on the system board, but does not disable any ROM on the option/adapter 
card. 


If more than 1 Mbyte of system RAM exists, it is mapped as shown in Figure 3.6, if the shadow 
RAM feature has not been invoked. This means that RAM in the 640 Kbyte to 1 Mbyte area 
cannot be accessed. If the shadow RAM feature is used, then the RAM is mapped as shown in 
Figure 3.7, overlapping or Shadowing the EPROM area. In both cases, for accesses beyond the 
I Mbyte address range, the processor is switched from real to protected mode by the BIOS. 
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Figure 3.5 System RAM/ROM Mapping for 1MB System RAM 
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Figure 3.6 RAM/ROM Mapping Without |} Figure 3.7 RAM Mapping with 
Shadow RAM (More Than 1MB of RAM) | Shadow RAM (More Than 1MB_ of RAM) 
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3.3 EMS Address Translation Logic 


Expanded Memory System or EMS is a memory mapping scheme used to map a 64 Kbyte block 
of memory in the EPROM area DOOOOH - DFFFFH to anywhere in the 1 Mbyte - 16 Mbyte area. 
This 64 Kbyte memory block is segmented into four 16 Kbyte pages. Through a translation _ 
table, each 16 Kbyte segment can be mapped any where in the 1 Mbyte to 16 Mbyte area. Since 
the 82C322 uses an on chip translation table in the EMS mode, address lines A14 to A22 are 
translated by the appropriate EMS mapping register. Hence, this scheme does not require 
Switching between user and protected mode. Figure 3.8 shows the EMS organization with a 
possible translation scheme. It is possible for the 82C322 to map this 16Kbyte block to 
anywhere in the 0 to 16 Mbyte area. However, it is desirable to map this block above the 1 
Mbyte area in order to not use the RAM space in the 0 to 640 Kbyte area. Although the EMS 
scheme translates the 64 Kbyte block in the DOOOOH - DFFFFH area, it is possible to select a 64 
Kbyte block from the COOOOH-CFFFFH or C4000H-D3FFFH or C8000H-D7000H or 
CCO0OH-DBFFFH as described in register R11. 


External EMS mapper 82C631 could be used along with 82C322 for full implementation of 
EMS-LIM 4.0. In order to use the EMS mapper chip, the EXTERNAL EMS pin on 82C322 
should be low and the internal EMS should not be needed at the same time. 


3.4 16KB Memory Bad Block Remapping 


The 82C322 supports Bad Block remapping registers that allow system BIOS to relocate up to 4 
16KB defective blocks to any contiguous 64K memory segment. When the bad blocks are 
addressed, the 82C322 translates the addresses to access good memory blocks. 


Refer to "16KB Faulty DRAM Relocation Registers" description for programming information. 
3.5 System Board Memory Configuration 


The Split Enable Register allows the first physical 1MB RAM to be split at 640K or 512K 
(depending on bit 2 of E1). The upper 384K or 256K G.e 512K to 896K or 640K to 896K)can be 
re-mapped any where from 1MB to 15 MB on Mega Byte boundary, as specified in the Split 
RAM Address Register. 


In a DOS environment, the VGA and BIOS EPROMs occupy the upper 384KB address space. 
When using a DRAM memory configuration greater than or equal to 1MB, there is an over lap 
of ROM and DRAM address space, beyond 640K. The 384K of DRAM space is not being 
utilized. This address space can be used in two ways. 


1. The Split Enable Register and the Split Address Register can be used to perform the split 
(bit 3 in Split Enable Register R23 = 0) and to remap the 256K or 384K DRAM address 
any where from 1MB to 15 MB on Mega Byte boundaries. 


2. The 384 KB of DRAMs can be used to shadow the BIOS EPROMs, whereby, the BIOS 
code is executed out of the DRAMs as opposed to the slower EPROMsS. This is done by 
first copying the contents of the BIOS to the same physical address location. Then the 
Bit 1 (ROM ENABLE) of the Split Enable Register is set to 0 to disable the generation of 
-ROMCS. When BIOS code is subsequently accessed, they are retrieved from the 
DRAMs, rather than the slower EPROMs. 
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When the shadow RAM is enabled the memory between 640K (or 512k depending on SP640 bit 
, bit 3 in R23) and 896K is not used. The 82C322 provides Registers R4, R5 and R6 to shadow 
RAM the address range AQOOO0 to DFFFF selectively, so that the RAM area below 896K could 
be used for shadowing. For Example it is desired to shadow RAM the address range COOOOH to 
DFFFFH which is on the system board ROM. The steps for shadowing the the RAM are as 
follows: 


a. Set bit 3 of R23(port E1) to 1 (disable the split) 


b. Read the EPROM and write it to the same physical address(transfer the EPROM code to 
shadow RAM). 


c. Set bits 4 and 5 of R4(index B5) to 1 (enable shadow RAM). 
d. Set all bits of R6 to 1 (Enable shadow RAM). 


This procedure shadows the EPROM area on the system board and it does not shadow any ROM 
on the adapter card (like ROM on the disk controller). To shadow any ROM on the adapter the 
procedure is the same as described above except that there should not be any ROM on the 
system board in that address range. | 


Registers R5 and R6 allows us to partially shadow RAM on a 16K boundary. The parts of 
memory which are not enabled cannot be used. The 82C322 also allows us to write protect the 
shadow RAM(bits 6 and 7 in R4) in the address range COOOOH-DFFFFH. 


3.6 Address Recovery Logic 


Whenever there is a catastrophic error such as a parity error on the MCA, the addresses and 
control information of the command executed before the error was flagged (by -CHCK active) 
are latched in the 82C322. This information will be useful for diagnostic purposes. The address 
lines A2 to A30, M/IO, ARB/GNT, ARB10-ARB13 and D/-C signals are latched in these 
registers. 


3.7 Memory Configurations 


It is possible to use 1M bit or 256K bit DRAMs for system memory using the CHIPS/280 
CHIPSet!M., Possible configurations for on board memory are listed in Table 3.1. Each bank is 
32 bits wide plus four bits for parity. 


3.8 Parity Handling: The parity check enable bit is bit 0 in the Split Enable Register. If this bit 
is O (default) the parity checking is enabled. Bits 2 and 3 (Enable Parity and Channel check) of 
I/O port 61 should be 0 to enable the parity. When Parity error occurs (the 325 checks the 
parity) bit 7 of I/O Port (61) is set and the 325 generates a NMI to the CPU. The parity is cleared 
by toggling(write 1 and then 0)the bit 0 in Split Enable Register and also toggling (write 1 and 
then Q) bits 2 and 3 in I/O Port 61. The parity clearing routine will be a part of NMI rotine 
normally resident in the BIOS. 
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Table 3.1 
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TOTAL EMS 


BANK3 


IMb to 4Mb 


IMb to 8Mb 


XO [00 [MI ON [On | [Go [BO [= 
z 


li IM 
12. 256K 


DRAM TYPE 
BANKI BANK2 
0 0 

0 0 

0 0 
256K 0 

1M 0 
296K 256K 
256K 1M 
1M 1M 
256K 256K 
256K 1M 
1M 1M 
1M. 0 


COO [OO JO [CO jo lo | 


MEMORY RANGE 
disable O 

1 Mb OQ 

4Mb 

2Mb IMb to 2Mb 
SMb 

3Mb 1Mb to 3Mb 
6Mb 1Mb to 6Mb 
12Mb 1Mb to 6Mb 
4Mb 1Mb to 12Mb 
10Mb 1Mb to 1OMb 
16Mb 1Mb to 16Mb 
5M 1Mb to 5Mb 


Page/interleaving is possible for only those combinations with similar pairs of DRAMs. In table 
3.1, page/interleaving 1s possible with combinations 4,5,9,10, and 11. For combination 6 and 8 
bank 0 and 1 works in page/interleave mode and bank 2 works only in page mode. 
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4.0 CLOCKS AND CONTROL 


CLK2IN CLOCK 2 INPUT is the 
TTL level input from 
a crystal oscillator 
having twice the 
rated frequency of 
the 80386 processor 
Clock. 

-PCLK2IS 67 PROCESSOR CLOCK 2 
INPUT SELECT is 
internally pulled 
up. When high, CPU 
CLK2 is an output. 

When low, it is an 
input. 

CPUCLK2 V/O 49 15 PROCESSOR CLOCK 2 is 
the MOS level clock output 
for the 80386 and 82C321 
CPU controller, when 
-PCLK2IS is high. It is an 
input when -PCLK2ZIS is 
low, making it suitable for 
multi-processing 
environments. 


CRYSTAL 1 is the input 


X1 I 14 
from the 14.31818 MHz 
crystal. 

CRYSTAL 2 is the output to 
the 14.31818 MHz crystal. 


MOSC OSCILLATOR is the 
14.31818 MHz TIL level 
system clock output. This 
signal is buffered before 
driving the MCA OSC line. 

OSC/12 OSCILLATOR divided by 12 
is the 1.19318 MHz clock 
output, used by the 82C321 
CPU controller and 82C226 
Integrated Peripherals 
Controller. 


Rev 1.0 Page 65 


82C322 Page/Interleaved Memory Controller 


RESET4 


-RFSH 


-MSO 
-MS1 


-ADS 


HOLD 


= 
5S 


Rev 1.0 


— 
1) 


WN 


Ne) Ne) ae) ON 
~] WG (2 \O 

NO 

pod ped 

C2 Uo 

ho dS 


112 


— 
Z 


139 


134 


_— _ 


PRELIMINARY 


RESET 4 is the active high 
reset input from the 82C321. 
It resets the configuration 
registers to their default 
values. When active, 
RAS<0:3> and CAS<00:31> 
remain high. 


REFRESH is an active low 
input for DRAM refresh 
control from the 82C223 
DMA Controller. It initiates a 
refresh cycle for the DRAMs. 


STATUS input lines from the 
M Bus are active low. These 
lines are monitored to detect 
the start of a cycle. The 
82C321 drives these pins for 
CPU, DMA and Refresh 
cycles. For MASTER cycles, 
these signals are driven by 
the MASTER residing on the 
Micro Channel. 


CPU MEMORY J/O input 
signal. When high it indicates 
a CPU memory cycle and 
when low, it indicates a CPU 
I/O cycle. 


ADDRESS STATUS is an 
active low input from the 
80386 CPU indicating the 
initiation of a CPU cycle. 


HOLD REQUEST is the 
active high, asynchronous 
input from the 82C223 DMA 
Controller. 


HOLD is the active high, 
synchronized hold request 
output to the 80386 CPU in 
response to HRQ 


HOLD ACKNOWLEDGE is 
an active high input from the 
CPU. It is used to distinguish 
between CPU and non-CPU 


cycles. 
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CLOCKS AND CONTROL (continued) 


SAO I 35 123 
SAI I 34 122 


-AF32 38 129 


MASTER is an active low 
input from the 82C223 DMA 
controller, indicating that an 
external master is in control 
of the MCA. 


Write/-Read is an input from 
the 80386 CPU. When high, 
it indicates a CPU write 
operation and when low it 
indicates a CPU read 
operation. 


SYSTEM ADDRESS LINES 
SA<0,1> are address inputs 
from the 82C321 for CPU 
and DMA cycles. They are 
input from the buffered MCA 
address lines AO, Al for 
MASTER cycles. 


READY is the system ready 
signal to the CPU. Itis an 
active low output, after 
requested local DRAM data 
transfer is completed. It is an 
input for all other cycles. 
Ready is also used by 
82C321 to indicate that the 
memory cycle is completed. 


AF32 is an active low output 
asserted on local memory 
(DRAM) cycles. It is high for 
all other cycles. This signal is 
sampled by the 82C321. Pull 
up of 10K is suggested. 


LOCAL ADDRESS input 
lines A <2:31> from the CPU 
or 82C322 DMA controller 
(A<2:23>) or MASTER, 
through a buffer. 


coo Hil aanen ll anon Bl oe oe Bl oe Bl oe 
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CLOCKS AND CONTROL (continued) 
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CLOCKS AND CONTROL (continued) 


BYTE ENABLES 
<Q:3> are active low inputs 
from the CPU for transfer 

of data on the four different 
bytes of the 32 bit data word. 
These lines are driven by the 
82C321 for DMA and 
MASTER cycles. 


M BUS MEMORY 
ADDRESS 24 is an active 
high output when LA24- 
LA31 address lines are all 
low. Itis low for extended 
32 bit addressing and is an 
input during DMA, Refresh 
and MASTER cycles. An 
external pull-up resistor of 
10K is required. During 
MASTER cycles -AF32 will 
not be generated if 
MMADE?24 is low. 


- | 


- ae . 
7 


- a 
-XDEN _ 135 142 
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M BUS COMMAND is an 
active low command signal 
input. It indicates the 
duration of data transfer 
activity and is used to write 
to the internal registers of the 
§2C322. 


M BUS ADDRESS 
DECODE LATCH is an 

active low input used to latch 
valid addresses and status for 
DMA, MASTER and Refresh 
Cycles. 


X ADDRESS LINE 16 is the 
three-state XA16 address line 
for the local I/O bus. The 
XAQO through XA15 address 
lines are generated 
externally. 


X DATA BUS ENABLE is 
an active low output that 
enables the transceiver 
between the X Data Bus and 
the MA<0:7> lines. 
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ADDRESS RECOVERY INTERFACE 


-CHCK CHANNEL CHECK is an 
active low input signal from 
the MCA indicating a 
catastrophic error on the 
channel such as parity error. 
It is used to latch the address 
and status of the MCA. 

D/-C DATA/COMMAND is an 
input from the 80386 CPU. 
When high it indicates a data 
transfer and when lov, it 
indicates a command 
transfer. It is latched when - 
CHCK is active. 


ARB/-GNT I 11 61 ARBITRATE/GRANT is an 
input from the MCA. When 
high, it indicates that channel 
arbitration is in progress. 

| When low, it indicates that 
the requesting 
MASTER/DMA device with 
highest priority has been 
granted the channel. It is 
latched when -CHCK is 
active. 


I 66 62 ARBITRATION lines <0:3> 
I 12 63 are input from the MCA, 

I 13 64 supporting 16 priority 

I 67 65 | levels. These lines are latched 


when -CHCK is active 
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Local Memory Interface 


ROM CHIP SELECT is an 
active low chip select output 
to the BIOS EPROMs. It can 
be also connected to the 
output enable pin of the 
EPROMSs. It is activated for 
the address range CO000- 
FFFFFH. If the ROMEN bit 
in El is disabled then 
-ROMCS is activated in the 
address range COOO0- 
DFFFFH. 


-RASO O 75 88 ROW ADDRESS STROBES 
-RAS1 O 21 87 3 to 0 are active low inputs 
-RAS2 O 20 86 used as RAS signals to 
-RAS3 O 119 85 the DRAMs for selecting 


different banks. -RAS3 
selects the highest bank and 
-RASO selects the lowest 
bank. These signals should 
be buffered and line 
terminated with 33 Ohm 
resistors to reduce ringing 
before driving the DRAM 
RAS lines. 


COLUMN ADRESS 
STROBES are active low 
outputs used to individually 
select the four bytes of 
DRAMs of each bank. These 
signals should be line 
terminated with 33 OHM 
resistors to reduce 
ringing before driving 
the DRAM -CAS lines. 


OOOOOOOCOCU OOOO CCO 
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Local Memory Interface (continued) 


-LDLOC LOCAL DRAM LOCATION 
is input to indicate the 
+ | 


location of system DRAM. 
When low, the DRAMs are 

-LMENL 7 118 81 
7 7 | 


on the M Data Bus and when 
mE : : 


high, the DRAMs are on the 
L Data Bus (CPU Data Bus). 


LOCAL MEMORY READ is 
an active low output for 
DRAM read cycles, used to 
set the direction of the 
transreceiver data paths 

when the DRAMs are on the 
Local Data Bus (LD Bus). 


LOCAL MEMORY LOW | 
WORD ENABLE is an 
active low signal for DRAM 
cycles, when located on the 
LD Bus. It is used to enable 
the low word, LD<0:15> 
between the CPU and 
DRAMs. 


LOCAL MEMORY HIGH 
WORD ENABLE is an acive 
low signal for DRAM cycles, 
when located on the LD Bus. 
It is used to enable the high 

word, LD<16:31> between 

the CPU and DRAMs. 


DRAM WRITE ENABLE is 
an active low output for 
DRAM write enable. 


DATA LATCH ENABLE is 
an active high output used to 
enable the local memory data 
buffer latch in the 82C325. 
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Local Memory Interface (continued) 


LEE | 


7 al | 
DLY1 17 78 
DLY2 I 117 77 


DATA READ is an active 
low output used to transfer 
data from the memory bus 
(MD Bus) to the CPU bus 
(LD Bus) in the 82C325. If 
high, it sets the data path 
from the CPU bus to the 
memory bus. If low, it sets 
the data path from the 
memory bus to the CPU bus. 


DELAY LINE OUT is an 
active high output to the 
delay line for generating the 
DRAM control signals during 
DMA or MASTER cycles if 
the external delay line is 
enabled. 


Delay IN 1, 2 are active 
high inputs from the first and 
second taps on the delay line 
used to generate DRAM 
control signals during DMA 
or MASTER cycles if the 
external delay line is enabled. 


MULTIPLEXED DRAM 
ADDRESS lines 
<MAO:MA7>. These lines 
should be buffered and line 
75 terminated with Ohm 
resistors before driving the 
DRAM address lines. They 
are address (output) for 
DRAM cycles and become 
data lines for 82C322 I/O 
cycles. As data lines, 
they are used in conjunction 
with an external transceiver, 
to communicate with the 
internal registers of the 
§2C322. 
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Local Memory Interface (continued) 


MA8 127 M BUS ADDRESS line 

MA9 83 <MA8,MA9>. These lines 
should be buffered and line 
terminated with 75 Ohm 
resistors before driving the 
upper two DRAM address 
lines. 


-PCENO O 134 PARITY CHECK ENABLES 
-PCEN1 O 42 <Q:3> are active low 
-PCEN2 O 92 outputs. They are 

O 133 individually activated, when 


-PCEN3 


- - | 
7 


parity is enabled for 8, 16, 24 
or 32 bit local DRAM 
accesses. 


MEMORY READY is an 
active high output, indicating 
that the local memory has 
successfully completed a 
memory transfer. This signal 
is used to generate the 
CHRDYRTN used by 
external MASTERS or the 
82C321 during DMA cycles. 
MEMRDY is also generated 
during extended refresh 
cycles. 


EXTERNAL EMS is an 
active low input indicating 
that external EMS mapping 
will be performed. This 
feature is useful when a large 
number of EMS mapped 
tasks are to be performed 
simultaneously. 
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MISCELLANEOUS 


ADDRESS line 20 is the 
gated A20 bit which is 
controlled by GATEA20. 
With External EMS disabled 
It is output for CPU and 


DMA cycles and input for 
MASTER cycles. When 
external EMS is enabled, 
GA20 is tristated during 
DMA/MASTER cycles. 


GATEA20 rye GATE ADDRESS 20 is an 


input used to force A20 low 
when GATEA20 is low. 
-OBIOP _ a 94 137 
VGADEC a 10 74 


When high it propagates 
CPU A20 on to the A20 line. 
It is used to keep address 
under 1Mb in DOS 
environments. It is high for 
DMA and MASTER cycles. 


ON BOARD I/O PORT is an 
active low output for all on 
board I/O accesses. It is 
active when LAI15 through 
LA1O are all zero and M/IO 
is low. It is high for interrupt 
acknowledge cycles and for 
DMA I/O transfers when the 
address is Q. 


VIDEO GRAPHICS 
ADAPTER DECODE is an 
active high output, 

indicating address lines A31 
through A20 to be zero and 
A19 equal to one. 
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POWER SUPPLIES 


Ground 


Not Connected 
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5.0 Configuration Registers 

There are twenty seven configuration and diagnostics registers in the 82C322, R3 - R29. Registers R3 - 
R29 are accessed through I/O ports 22H and 23H normally found in the interrupt controller module of 
the 82C206 IPC. Registers R22 - R29 are accessed directly. An indexing scheme is used to reduce the 
number of I/O addresses required to access all of the index registers needed to configured and control 
the memory controller. Port 22H is used as an index register that points to the required data value 
accessed through port 23H. A write of the index value for the required data is performed to location 
22H. This is then decoded and controls the multiplexers gating the appropriate register to the output 
bus. Every access to port 23H must be preceded by a write of the index value to port 22H even if the 
same data register is being accessed again. All bits marked as Reserved are set to zero by default and 
must be maintained that way during write operations. 


Reg # Register Name Index Location 


1 
] 
1 
] 
1 
1 


0 

] 
[RS FalpDRAM Ades Been? COR CRD 
8 


B4 
B5H 
B6H 
B7H 
B8H 
B9H 
BAH 
BBH 
BDH 
BEH 
- BFH 
COH 
CiH 
C2H 
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Reg # Register Name Index Location 


R19 Faulty DRAM Base Address 3 C4H B20 322 
R20 Faulty DRAM Base Address 4 COE 82C322 
R21 Faulty DRAM Relocation Address C6H 82C322 


Reg # Register Name Address Location 


[Sitting SCC 
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Version and Memory Enable Register R3 
Index register port: 22H 


Data register port: 23H 
Index: B4H 


Bits Function 


Address map RAM on system board in QOQOQQH-1FFFFH area. 
Address is on the Micro Channel 

Address is on the system board and is put out by the 

82C322 Memory Controller (default). 


Address map RAM on system board in 20000H-3FFFFH area. 
Address is on the Micro Channel 

Address is on the system board and is put out by the 

82C322 Memory Controller (default). 


Address map RAM on system board in 40000H-SFFFFH area. 
Address is on the Micro Channel 

Address is on the system board and is put out by the 

§2C322 Memory Controller (default). | 


Address map RAM on system board in 60000H-7FFFFH area. 
Address is on the Micro Channel 

Address is on the system board and is put out by the 

82C322 Memory Controller (default). 


Address map RAM on system board in 80000H-9FFFFH area. 
Address is on the Micro Channel 

Address is on the system board and is put out by the 

82C322 Memory Controller (default). 


§2C322 Version number 
initial 
Reserved 


Memory controller identifier bit (Reserved). 
82C322 Page/Interleaved Memory Controller 


5,6 
00 
Rest 


’ 
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ROM Configuration register R4: 


Index register port: 22H 
Data register port: 23H 
_ Index: BS 


es [eee 


Enable Shadow RAM at DOOOOH-DFFFFH. Disable ROM. 
Shadow RAM enabled (default) at DOOOOH - DFFFFH 
Disable Shadow RAM at DOOOQH-DFFFFH. 


Enable Shadow RAM at COOO0OH-CFFFFH. Disable ROM 
Shadow RAM enabled (default) at COOOOH - CFFFFH 
Disable Shadow RAM at COOOOH-CFFFFH. 


1 Write protect Shadow RAM at DOOOOH-DFFFFH. 

0 Read/Write enabled (default) For RAM at DOOOOH-DFFFFH 
7 1 Write protect Shadow RAM at COOQOOH-CFFFFH. 

0 Read/Write enabled (default) For RAM at COOOOH-CFFFFH 
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Memory Enable Register 1 R5 


Index register port: 22H 
Data register port: 23H 
Index: B6H 


is [owe [mci 


Enable Shadow RAM at BOOOOH-B3FFFH. 
Disable (default) - Disable Shadow RAM at BOOOOH-B3FFFH 
Enable - Enable Shadow RAM at BOOOOH-B3FFFH 


Enable Shadow RAM at B4000H-B7FFFH. 
Disable (default) - Disable Shadow RAM at B4000H-B7FFFH 
Enable - Enable Shadow RAM at B4000H-B7FFFH 


Enable Shadow RAM at B8OQOOH-BBFFFH. 
Disable (default) - Disable Shadow RAM at B8O00H-BBFFFH 
Enable - Enable Shadow RAM at BSOOOH-BBFFFH 


Enable Shadow RAM at BCOOOQH-BFFFFH. 
Disable (default) - Disable Shadow RAM at BCOQOH-BFFFFH 
Enable - Enable Shadow RAM at BCOOOH-BFFFFH 


Enable Shadow RAM at AQOQOOH-A3FFFH. 
Disable (default) - Disable Shadow RAM at AOOQOOQH-A3FFFH 
Enable - Enable Shadow RAM at AQOQOOH-A3FFFH 


Enable Shadow RAM at A4000H-A7FFFH. 
Disable (default) - Disable Shadow RAM at A4Q00H-A7FFFH 
Enable - Enable Shadow RAM at A4000H-A7FFFH 


Enable Shadow RAM at A8000H-ABFFFH. — 
Disable (default) - Disable Shadow RAM at A8O00OH-ABFFFH 
Enable - Enable Shadow RAM at ASOOOQH-ABFFFH 


Enable Shadow RAM at ACOOOH-AFFFFH. 
Disable (default) - Disable Shadow RAM at ACOOOH-AFFFFH 
Enable - Enable Shadow RAM at ACOOOH-AFFFFH 
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Memory Enable Register 2 R6 


Index register port: 22H 
Data register port: 23H 
Index: B7H 


Enable Shadow RAM at COOOOH-C3FFFH. 
Disable (default) - Disable Shadow RAM at COOOOH-C3FFFH 
Enable - Enable Shadow RAM at COOOOH-C3FFFH 


Bits 


Enable Shadow RAM at C4000H-C7FFFH. 
Disable (default) - Disable Shadow RAM at C4Q00H-C7FFFH 
Enable - Enable Shadow RAM at C4000H-C7FFFH 


Enable Shadow RAM at C8000H-CBFFFH. 
Disable (default) - Disable Shadow RAM at C8000H-CBFFFH 


Enable - Enable Shadow RAM at C8000H-CBFFFH 


Enable Shadow RAM at CCOOOH-CFFFFH. 
Disable (default) - Disable Shadow RAM at CCOOOH-CFFFFH 
Enable - Enable Shadow RAM at CCOOOH-CFFFFH 


Enable Shadow RAM at DOOOOH-D3FFFH. 
Disable (default) - Disable Shadow RAM at DOOOOH-D3FFFH 
Enable - Enable Shadow RAM at DOOOOH-D3FFFH 


Enable Shadow RAM at D4000H-D7FFFH. 
Disable (default) - Disable Shadow RAM at DOOOOQH-D3FFFH 
Enable - Enable Shadow RAM at DOQOOH-D3FFFH 


Enable Shadow RAM at D8000H-DBFFFH. 
Disable (default) - Disable Shadow RAM at D8O000H-DBFFFH 
Enable - Enable Shadow RAM at D8O00H-DBFFFH 


Enable Shadow RAM at DCOOOH-DFFFFH. 
Disable (default) - Disable Shadow RAM at DCOOOH-DFFFFH 
Enable - Enable Shadow RAM at DCOQOH-DFFFFH 


Reserved Register R7 
Index register port: 22H 


Data register port: 23H 
Index: B8H 


Function 
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Memory Type Register R8 
Index register port: 22H 


Data register port: 23H 
Index: B9H 


Bis [Vowe [fumsion 


1 Fast time out enable. This bit if enabled, causes 
-RAS precharge during I/O or idle cycles. 
0 


Fast time out disabled no RAS precharge during I/O or 
idle cycle (default) 

These bits contain DRAM bank and size information as 

listed below: 


Vary -RAS precharge time, valid only if bit 0 = 1. 


1 = 5 CPU CLK2 cycles. (default) 
3 = CPU CLK2 cycles. 


BankO Bank1 Bank2 


Je [ole [e [ops TT. 
fe pe fo fo fo [ae ee 
[ef fe fee | see [asec Pasa 
Ce 
Ce 
hfe [a ase [asec Pa 
ee fe fe fe fase Paw 
fe fo fo fe fe 
fe fo fo fe fa 
ee [ae a 
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Operating Mode Register R9 


Index register port: 22H 
Data register port: 23H (R/W) 
Index: BAH 


Additional DRAM read access wait states. 

If bit 6 is set to 1 these bits are valid and provide additional 
wait states for read accesses for both page and non 

page mode. 


_ 
bo 


_— oS = © —= & a > — mere OO dw 
rOrO = 
> 


Extra Wait States Total Wait States 
1 


1 Z 
2 3 
RESERVED 


EMS memory access wait states. 
O No wait states introduced during 
1 (Default) Additional wait states introduced for EMS access. 


EMS enable bit. 
Disabled (default) Disables the on chip EMS operation 
Enabled Enables the on chip EMS operation 


DRAM write access wait states. If set to 0, accesses 
Accesses have 0 wait states 
Accesses have 1 wait state (default) 


DRAM read access wait states. If set to 0, accesses 
Accesses have 0 wait states. 
Accesses have 1 wait state (default) 


Page/Interleaved mode enable. 

Disables the page/interleaved mode, allowing usage of normal mode for 
the DRAMs. 

Enables page/interleaved mode for the DRAMs (default). It is 
recommemded to use the page interleave mode. 
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Timing Control Register R10 


Index register port: 22H 
Data register port: 23H 


Index: BBH 


PRELIMINARY 


Bee ee 
a 


Rev 1.0 


Memory Ready bit 

-MRDY generated to 82C321 during DMA/MASTER DRAM 
cycles.(default) 
-MRDY not generated to 82C321 during DMA/MASTER DRAM 


cycles. 


Internal delay line for generation of contol signals 

Internal delay line is used to generate CAS for DRAMs during. 
DMA/MASTER operations cycles. (default) 

External delay line is used to generate CAS for DRAMs during 
DMA/MASTER operations cycles. © 


Period 

2 CPU CLK2 cycles (Default) 

2.5 CPU CLK2 cycles (Use this option for 25 MHZ CLK) 
3 CPU CLK2 cycles 

3.5 CPU CLK2 cycles 


Refresh wait states. 
-MRDY generated during refresh cycles. (default) 
No -MRDY is generated during refresh cycles. 


Column address setup time to -CAS, for DMA/MASTER cycles when 
internal delay line is used. 

Delay is 1/2 CPU CLK2. 

Delay is 1 CPU CLK2, ifinternal delay line is used. 

(Set this bit to 1 when CPU CLK IS 25 MH7Z). 
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EMS Base Address Register R11 


Index register port: 22H 
Data register port: 23H (R/W) 
Index: BCH 


0-3 These bits are used for the EMS page register I/O 
base address. The bits are encoded as follows, with 
unused combinations being reserved: 


I/O Base 


~ 


Re OOrrF OO No 


we 


Peer OOO = 


‘eo 


HOOF re Oo So 


208H/209H 
218H/219H 
258H/259H 
268H/269H 
2A8H/2A9H 
2B8H/2B9H 
2E8H/2E9H 


3 
0 
0 
0 
0 
1 
i 
1 


| These bits are used for selecting the expanded memory 
base addresses. They are encoded as follows, with 
all unused combinations being reserved: 


EMS Base Addresses 


COO000H, C4000H, C8000H, CCO00H 
C4000H, C8000H, CCOQ00H, DOOOOH 
C8000H, CCOQ0H, DOOOOH, D4000H 
CCO00H, DOOOOH, D4000H, D8000H 
DOOO0H, D4000H, D8000H, DCO00H 
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EMS Address Extension Register-1 R12 


Index register port: 22H 
Data register port: 23H 
Index: BDH 


0:2 EMS Page 1 address extension bits. These bits 
correspond to address lines A21:A23 | 
EMS Page 0 address extension bits. These bits 
correspond to address lines A21:A23 


EMS Address Extension Register-2 R13 


Index register port: 22H 
Data register port: 23H 
Index: BEH 


0:2 EMS Page 3 address extension bits. These bits 
correspond to address lines A21:A23 
EMS Page 2 address extension bits. These bits 
correspond to address lines A21:A23 ; 
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EMS Range Address Register R14 


Index register port: 22H 
Data register port: 23H 
Index: BFH 


a 


This bit is used to enable the RAS time-out counter 
for page mode operation. 
The counter is disabled (Default) 
The counter is enabled 
External EMS enable 
Disable (default) 
4-7 These bits are used to set the EMS memory space 
according to the following coding: 


7,6,5,4 EMS Memory Size 

0001 1 Mbyte to top of system memory (16Mb max) 
0010 2 Mbyte to top of system memory (16Mb max) 
0011 3 Mbyte to top of system memory (16Mb max) 
O00 4 Mbyte to top of system memory (16Mb max) 
0101 5 Mbyte to top of system memory (16Mb max) 
0110 6 Mbyte to top of system memory (16Mb max) 
O111 7 Mbyte to top of system memory (16Mb max) 
1000 8 Mbyte to top of system memory (16Mb max) 
1001 9 Mbyte to top of system memory (16Mb max) 
1010 10 Mbyte to top of system memory (16Mb max) 
1011 11 Mbyte to top of system memory (16Mb max) 
1100 12 Mbyte to top of system memory (16Mb max) 
1101 13 Mbyte to top of system memory (16Mb max) 
1110 14 Mbyte to top of system memory (16Mb max) 
1111 15 Mbyte to top of system memory (16Mb max) 
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Faulty DRAM Address Extension Register 1 R15 


Index register port: 22H 
Data register port: 23H 
Index: COH 


0:2 | Address extension bits for remapping 16Kb of bad DRAM 
in Page 1. The bits correspond to A21:A23 
Sere SSS 
Address extension bits for remapping 16Kb of bad DRAM 
in Page 0. The bits correspond to A21:A23 


7 [Reserved Reserved 


Faulty DRAM Address Extension Register 2 R16 


Index register port: 22H 
Data register port: 23H 
Index: C1H 


Function 


Address extension bits for remapping 16Kb of bad DRAM 
in Page 3. The bits correspond to A21:A23 


MR sae extension bits for remapping 16Kb of bad DRAM 
in Page 2. The bits correspond to A21:A23 
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82322 Page/Interleaved Memory Controller PRELIMINARY 
Faulty DRAM Base Address Register 1 R17 
Index register port: 22H 


Data register port: 23H 
Index: C2H 


0:6 Base address for remapping 16Kb of bad DRAM in Page 0. 
Bits O through 6 correspond to A14:A20 
7 1 Enables the remapping of 16Kb for Page 0. 
0 Disables the remapping of 16KB for Page O (default) 


Faulty DRAM Base Address Register 2 R18 


Index register port: 22H 
Data register port: 23H 
Index: C3H 


0:6 Base address for remapping 16Kb of bad DRAM in Page 1. 
Bits O through 6 correspond to A14:A20 
7 1 Enables the remapping of 16Kb for Page 1. 
0 Disables the remapping of 16Kb for Page 1. (default) 
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Faulty DRAM Base Address Register 3 R19 


Index register port: 22H 
Data register port: 23H 
Index: C4H 


Bits Value Funetion 
ee address for remapping 16Kb of bad DRAM in Te 2. 
Bits 0 through 6 correspond to A14:A20 
Enables the remapping of 16Kb for Page 2. 
Disables the remapping of 16Kb for Page 2. (default) 


Faulty DRAM Base Address Register 4 R20 


Index register port: 22H 
Data register port: 23H 
Index: C5H 


Base address for remapping 16Kb of bad DRAM in Page 3. 
Bits 0 through 6 correspond to A14:A20 
7 1 Enables the remapping of 16Kb for Page 3. 
0 Disables the remapping of 16Kb for Page 3. (default) 


Faulty DRAM Relocation Address Register R21 


Index register port: 22H 
Data register port: 23H 
Index: C6H 


Bits Function 


These bits specify the base address corresponding 
to address lines A16:A23 of the 64Kb block where the 
four 16Kb bad DRAM pages will be remapped. 
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The following registers are used to define the memory eee 

features and are accessed directly through I/O ports (PS/2 'M compatible). 

Split Ram Address Register R22 

I/O Port Address : EOH 


Bits | Functions 


0:3 | These bits specify the address which define the starting location of high portion of the 
first 1MB of active memory( portion of memory beyond the split). When SPLITEN = 
0 (bit 3 in Memory Encoding Reg.),the address determines the starting location of the 
memory beyond the split( after 640K or 512K depending on the value of SP640 bit in the 


Memory Encoding Reg.). The bits correspond to address lines A20 - A23. The starting 
location can be any where from 1MB to 15MB on IMB boundary. These bits may not be 
set to 0 unless SPLITEN = 1 ( inactive). 


4:7 Reserved 


Split Enable Register R23 
I/O Port Address : E1H 


Parity Check Enable Bit. (82C325 also responds to this bit). 
Enables parity check on system board RAM. 
Disables Parity on the system board RAM (default) 


ROM Enable Bit. This bit is used to control generation of -ROMCS in the 
address range EQO00- FFFFF. 

ROM is enabled Default.(-ROMCS is generated) 

ROM is disabled(-ROMCS is not generated). 


SP640 Bit. This bit determines where the first active 1MB block of RAM is 
split. 

The split is at 640K i.e the 640K of the first IMB of memory is mapped into 
the first 640k of address space (OH-9FFFFH). The rest of 384K can be 
disabled (SPLITEN = 1 ) or mapped (SPLITEN = 0) as defined by Split 
Address Register. When the RAM is mapped using the split address register, 
only the RAM in the range 640-896K is relocated. The top 128K of 

the RAM (896k-1Mb) is not remapped. The RAM is split at 512K (instead 
of 640K). The remaining 384K can be disabled or mapped as describe 
earlier. (default) 


SPLITEN bit. This bit enables the portion of memory beyond the split. 
Enabled (default) 
Disabled 
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The following registers R24 -R29 (I/O address E2 to E7) are used to obtain information 
when a serious system error (such as parity error) has occured on the microchannel bus. 
These registers are used in the channel check recovery logic. The registers hold the address 
bits A2-A30, and other bus control signals. 


ras (| OF | Asta 
res feos atais 


Address lines A2 - A7 
M/IO 
Q ARB/GNT 
0:3 ARB10 - ARB13 
4:7 Reserved 
R29 E7 0 D/C 
1:7 Reserved 


rN 
~ 
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82C322 Absolute Maximum Ratings 


Parameter Symbol _ Min. Max. Units 
Supply Voltage Vcc - 7.0 V 
Input Voltage VI __ -0.5 VCC+05 V 
Output Voltage VO -0.5 3.5 V 
Operating Temperature TOP -250 850 C 
Storage Temperature TSTG___-400 1250 C 
Maximum Power Dissapation - 0.70 W. 


NOTE: Permanent device damage may occur if absolute maximum 
ratings are exceeded. Functional operation should be 
restricted to the conditions described under Operating 
Conditions. 


82C322 Operating Conditions 


Parameter Symbol _ Min. Max. Units 
Supply Voltage VCC 4.75 5.25 V 
Ambient Temperature TA Qo 700 C 


82322 DC Characteristics 
Operating Conditions: TA =00C to 700C, VCC = 4.75 to 5.25V 


Parameter Symbol _ Min. Max. Units 
Input Low Voltage VII -0.5 1.8 V 

Input High Voltage ye je VCC+0.5 V 

Output Low Voltage - 0.45 V (Note 1) 
Output High Voltage Vor 2.4 v Note 1) 
Input Leakage Current -30 +30 

O<VIN<VCC 

Power Supply Current @ 25MHz Icc - 100 mA 
Output High-Z Leakage Current IOZ1 -70 +1.5 uA 
0.45<VOUT<VCC 


Note 1: IOL = 8mA and IOH = -8mA for LD data bus and data bus MPO:3, NMI. 
IOL = 4mA and IOH = -4mA for all other output pins. 
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82C322-16MHz AC Characteristics PRELIMINARY 
(TA = 00°C to 709C, VCC = 5V + 5%, A.C. load = 85pf) 


Min Units | Notes 


CPU CYCLES: 
INPUT REQUIREMENTS 


t354 LM/-IO setup from PCLK2 


t355 LM/-IO hold from PCLK2 


t356 -ADS setup from PCLK2 
t357 -ADS hold from PCLK2 


t362 -W/-R setup from PCLK2 15 


ns 
ns 
ns 
ns 


t363 -W/-R hold from PCLK2 


t367 -READY setup from PCLK2 
t368 -READY hold from PCLK2 
t369 LA<2:31> setup from PCLK2 


1370 LA<2:31> hold from PCLK2 


poe om aa — peoet _— 


5 GATEAGDsmpfomFEL® 
380 GATEADDIoHORPE = 


OUTPUT DELAYS 
t309 -AF32 active from address valid 
t310 -AF32 inactive from address invalid 


pooh 
Ws 


ns 

ns 

oe 
hs 
oe 
oe 
oe 
oe 
oe 
oe 
oe 


2 
2 
2 


4 


pee fk 
Ol wn 


0 
4 
5 


Min | Max Unit | Notes 


t311 -READY active delay from PCLK2 
t312 -READY inactive delay from PCLK2 


t313 -DRD active delay from PCLK2 


4 
3 
3 
2 


5 
2 
1 
3 
40 
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$2C322-16MHz AC Characteristics PRELIMINARY 
(TA =00C to 700C, VCC = 5V + 5%, A.C. load = 85pf) 


4 DaDiniveatnyfonreiR | fs | 
Sis DeEwinedtytomeas | dw | 
316 DLEimsie dehy tom CASH 

S17 Savion rE amis] dw | 
os | 
20 DWEimaiveiytomeeu® aw | 
Sa Ave dy fomPELAGAR ACR (Ses | 
Aine ey em PADI MCRD os | 
[8 RASKaive dy fomPCLM mC) (fs [ 
 RASTinaie ey oP ORD (sf 
as RAoeweie || 
aT Roa evened ws | 
30 DFimeie aay (sf 
6 Rovodes atten sf 
Se Cau asiesvaafomPo® iw | 
[38 GiummaiiesinaianomrelR (OS ws | 
39 MRD wivedyfon-CAS— sf 
0 AMR inaiwiyton Yd 
381 TAMMIE ae dey | ws | 
2 AUN) acve dy fomPeu® | sf 
aie RovadiesempwrRas | sf 
a Rowdies om RAH 
0 Ginnie eee-cas ws 
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$82C322-16MHz AC Characteristics PRELIMINARY 
(TA =00C to 700C, VCC = 5V + 5%, A.C. load = 85pf) 


DMA CYCLES: 


2 MScbi>seup tom ADUONANT iO | ew | 
MSOs am ADUDMANISTS) +O] wf 
3H Skat upfon-ADLOMANSTI)————+is_|s[ 
66 SActshotfon-ADUDWADISTI) (XO | fs | 
Sa MRO mepmomrcu Om | 
jw monewtonree «Tm | 


ns 


t303 DLYOUT active delay from RASi 


(non-page, external delay, DMA/MSTR) 


Sg 
(non-page/DMA) 

305 Grannies sae fom DLV! orpeaeDMAN [OT |ws | 
206 Colum is ilom DLY!ompeeebway [0 os [ 
Bt Castaneda fom DLYEGeopegeooa) [oO fw | 
{328 -RAS <0:3> inactive delay from HLDA Peet 

(for DMA, RFSH and MASTER cycles) 

aS aMDYeiwtomemeasie | ew | 
a ARDYincicimmCwaeie ——————|_*iS_fos 


t338 CAS<0:3> active from PCLK2 
(non page mode internal delay option, DMA, MSTR) 
t339 CAS<0:3> inactive from -CMD 
(non page mode internal delay option DMA, MSTR) 
t341 HOLD active delay from PCLK2 - 


t345 -RAS active from -ADL(DMA/MSTR) 


t394 LA address to Row address delay (DMA/MSTR) 
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82C322-16MHz AC Characteristics PRELIMINARY 
(TA =00C to 709C, VCC = SV + 5%, A.C. load = 85pf) 


t395 -MWE active from ADL active p24 fms fo 
t396 -MWE inactive from ADL inactive a ee 


ES 
0 HAS seine mow) || 
si HAS Aamvetonreumaesy |i ws | 
a AAS Aasinwive mPa |i ws | 


t343 -XDEN active from -CMD active | (30 [ms 
t344 -XDEN inactive from -CMD active | 30 fas fo 


iSCREANEOUS «in i J Nos 
[mac aoncsscivefonoue |i 
a7 RONCSincivefomFeRE || 
i MaaDeasiwetonreum® | «iw 
386 onor away fomveu® | «iw 
se. Onoriacive fem] «iO 
ors ARB@TrpeRaR® «S| 
Ea 
ES 
ESS 
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$82C322-16MHz AC Characteristics PRELIMINARY 
(TA =0°C to 700C, VCC = 5V + 5%, A.C. load = 85pf) 


wore SY 
aor Pei ine 
ja peop 


t403 PCLK2 rise time ns 0.8 to 
VCC 
| -0.8 V 
ns VCC 
-0.8 to 
0.8V 


t404 PCLK fall time 
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82C322-20MHz AC Characteristics PRELIMINARY 
(TA = 09°C to 70°C, VCC = 5V + 5%, A.C. load = 85pf) 


CPU CYCLES: 


A 


INPUT REQUIREMENTS Min 
t354 LM/-IO setup from PCLK2 


t355 LM/-IO hold from PCLK2 , 


t356 -ADS setup from PCLK2 


t357 -ADS hold from PCLK2 | 


x Notes 


ns 
S 
S 
S 
Ss 
S 
S 
S 
S) 
Ss 
= 
S 
S 
S 
S) 
S 


lt 
o> 


t362 -W/-R setup from PCLK2 
t363 -W/-R hold from PCLK2 


t367 -READY setup from PCLK2 


t368 -READY hold from PCLK2 | 


t369 LA<2:31> setup from PCLK2 


2 
2 


ae pom — — Aw — 
oS Wn 


a iano Oi 
9 GATE pfomREERE 


CPU CYCLES: 


eS 


OUTPUT DELAYS 
(300: 2AR39 active tomaddrecewalid r 4 
t310 -AF32 inactive from address invalid — 


— 
1" 


0 
4 
ns 


n 
n 
nN 
n 
n 
n 
n 
Nn 
n 
n 


— — | 
© Col] wv 


Notes 


n 


t311 -READY active delay from PCLK2 
t312 -READY inactive delay from PCLK2 
t313 -DRD active delay from PCLK2 
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82C322-20MHz AC Characteristics PRELIMINARY 
(TA = 00C to 700C, VCC = 5V + 5%, A.C. load = 85pf) 


CPU CYCLES: 


t315 DLE active delay from-CASi | )  fto |ms fo 
316 DuBinsve dyn ca |S ef 
817 Caan vam CPU we 
1319 -DWE active delay from PCLK2 10 ]28 jas fo 
ES 
a1 -CaSisiveiy tomPeLRApeae macs | 
t322 -CASi inactive delay from PCLK2(page md,CPU) 7 [30 [ms | 
{323 -RASi active delay from PCLK2(Page md,CPU) 8 [28 
{324 -RASi inactive delay from PCLK2(page md,CPU) Se 
1325 -RASi precharge time | jem fms fo 
t337 PCEN<0:3> active from PCLK2 | 40 nsf 
t340 DLE inactive delay from PCLK2 fo }30 ms fo 
t346 Row address valid from PCLK2 | 40 ims fo 
t347 Column address valid from PCLK2 fo 40 fms fo 
t348 Column address invalid from PCLK2 Ce 
t349 -LMRD active delay from -CAS | (35 [ms f 
|t350 -LMRD inactive delay from-CAS _ | (35 fms fo 
1381 -LEMNH(L) active delay from PCLK2 a ee 
{382 -LEMNH(L) inactive delay from PCLK2 | 40 fms fo 
t388 Row address setup to -RASi a ee 
1389 Row address hold from -RASi asf fms fo 
t390 Column address setup to -CASi rr 
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82C322-20MHz AC Characteristics PRELIMINARY 
(TA = 00°C to 709C, VCC = 5V + 5%, A.C. load = 85pf) 


DMA CYCLES: 


2 MSCs emp fon-ADLOMARTID (| ws 
8 MSGS om ADUOMAMTD) (| fw 
3 Shati> upton aDLOMANTD S| iw | 
[3 Shatshellfon-ADLOMANSTIY | iw | 
Sw MOsmmonr «Tw 
jaw mghewmonreum Tw 


t303._ DLYOUT active delay from RASi1 

(non-page, external delay, DMA/MSTR) 
t304 DLYOUT active inactive delay from RASi 20 

(non-page/DMA) 
t305 Column address stable from DLY1 (non-page/DMA) jo jan nsf 
t306 Column address hold from DLY1 (non-page/DMA) fo 30 fas fo 
t307 -CASi active delay from DLY2 (non-page/DMA) fo 30 fas fo 
t328 -RAS <0:3> inactive delay from HLDA | 5 25 ns 

(for DMA, RFSH and MASTER cycles) 
t333 -MRDY active from status active p f50 fms fo 


3334 -MRDY inactive from CMD active [fas ns fT 
t335 -RASi inactive from PCLK2(DMA/MSTR) Cee ae 


t338 CAS<0:3> active from PCLK2 Ag) 
(non page mode internal delay option, DMA, MSTR) 
t339 CAS<0:3> inactive from -CMD 35 ns 
(non page mode internal delay option DMA, MSTR) 
t341 HOLD active delay from PCLK2 | 30 fms fo 


1345 -RAS active from -ADL(DMA/MSTR) | 44 nsf 
t394 LA address to Row address delay (DMA/MSTR) | 935 [ms f 
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82C322-20MHz AC Characteristics PRELIMINARY 
(TA =00°C to 700C, VCC = 5V +5%, A.C. load = 85pf) 


t395 -MWE active from ADL active a e 
t396 -MWE inactive from ADL inactive p40 ms fo 


1329 -RAS <0,3> active from -CMD(rfsh ) | 300 fas fo 
50 AS a> machen cwemny iS 
ol asap enenmreoaen | ps je | id 
ESR 


niteescencamion 
43 -XDEN active from CMD active | fo fas fT 
44 -XDEN inactive from CMD activ [fo fas | 


t327 -ROMCS inactive from PCLK2 


t342 MMADE?74 active from PCLK2 


a 
Oe a ica Bh eminncin! 
(dissuade Ti | i 
jars aRpONTeetwpwrcixa fis | fas 
Luin AcolSceiesnO (  s S 
nil scmcdbas ns oe a Ce Se 
iasecusuenceninn a | 2s Cae 
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$2C322-20MHz AC Characteristics PRELIMINARY 


(TA = 00°C to 700C, VCC = 5V + 5%, A.C. load = 85pf) 


ES 

oi veuRaiowine «Tf ws LA 

wa reucnehine «Tf fa 
0.8 to 


t403 PCLK2 rise time 


t404 PCLK fall time 
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82C322-25MHz AC Characteristics 
(TA =0°0C to 700C, VCC = 5V + 5%, A.C. load = 85pf) 


CPU CYCLES: 7 


Notes 


INPUT REQUIREMENTS Min 


g9 
a 


t354 LM/-IO setup from PCLK2 
t355 LM/-IO hold from PCLK2 


a) Nn 


t356 -ADS setup from PCLK2 
t357 -ADS hold from PCLK2 


=) 


=) 
ni “na 72) n 


=} 


t362 -W/-R setup from PCLK2 
t363 -W/-R hold from PCLK2 


=) 


t367 -READY setup from PCLK2 
t368 -READY hold from PCLK2 
t369 LA<2:31> setup from PCLK2 


Ne 


pod ped ie) _— |e) Ww) BN nena pd bt & paws 
© oa) 
=) 


t370 LA<2:31> hold from PCLK2 


=) 


t371 LBE<0:3> setup from PCLK2 


=} 


t372 -LBE<0:3> hold from PCLK2 
t373 D/-C setup from PCLK2 


=} 
n 


=) -; 
7) n n n 
” 


nN” 


t374 D/-C hold from PCLK2 
t379 GATEA20 setup from PCLK2 


=) 
Yr 


t380 GATEA20 hold from PCLK2 


=) 


OUTPUT DELAYS 
t309 -AF32 active from address valid 


=) 
7) 


=) 
n n n 


t310 -AF32 inactive from address invalid 


=) 
Nn 


t311 -READY active delay from PCLK2 
t312 -READY inactive delay from PCLK2 


— 


=) 


t313_ -DRD active delay from PCLK2 


Rev 1.0 : Page 105 


82C322-25MHz AC Characteristics PRELIMINARY 
(TA = 00°C to 700C, VCC = 5V + 5%, A.C. load = 85pf) 


34 DaDinwiedenyfon PRO os | 
15 DiBwivedtyfo-caS | 
316 DiBimsieaeiytom cos ws] 
S17 6x0 vaifom GPU <A 


0 DwFineiw my monPee Ow 
Sa AsiivedytomPCLRGGRT MACs Sw | 
[2 CaSinwive ey fom PEL MCR | 
HA dy em FOG Cs ffs | 
[HA inwivedeiy fom POLAR MACPE) [Offs | 
wasp te | | 
a Pon wietoraR |i | 
30 DiFinciwaniytomeeie ws | 
Si Rowiiesaiv tome |i fw 
i Coimnatiesvatonele OO ws 
3 Cohnnatinsinaitiem CSO Slew 
[30 LARD sive dey emesis 
50 RD incivetiyton-cxs iw 
aH ave fomPetR® | «fs | 
sie Tne dey «| *fO ps | 
aH Rovatiesewpe-RA |p | 
3 Rovadieshoiifon Ra |p | 
290 Caimwatiewmnpe-casi | fs | 


Rev 1.0 Page 106 


$2C322-25MHz AC Characteristics PRELIMINARY 
(TA =0°C to 700C, VCC = 5V + 5%, A.C. load = 85pf) 


DMA CYCLES: 


32 Mii eupton ADLOMANT iO | ew | 
38 ME-GIShoi fon ADLOMANTD iO | ew | 
34 SAIS spon -ADLOMAMETR) S| ws | 
86 SActibtolton-ADLMAMSTS (| ws | 
a8 HRs POR SOY 
EA nn 


So pore mamas pfs fe | 
50 BLOT race arama owned ope _[ 
55 Canarsie fom OV mee) ote _[ 
5 Cae ies BLT woes) Jo pow _[ 
ocala bLFaemee) Joffe _[ 
(328 -RAS <0:3> inactive delay from HLDA ae ee 
(for DMA, RFSH and MASTER cycles) 
ES aeDrevwtmamare |e 


t334 -MRDY inactive from CMD active | 35 fms fo 
t335 -RASi inactive from 1335. -RASi inactive from PCLK20(DMA/MSTR) 1335. -RASi inactive from PCLK2DMA/MSTR) 10. (50, Jns | 


t338 CAS<0:3> active from PCLK2 40 
(non page mode internal delay option, DMA, MSTR) 
t339 CAS<0:3> inactive from -CMD 
(non page mode internal delay option DMA, MSTR) 
t341 HOLD active delay from PCLK2 ee 


G45. -RAS active from -ADLDMAIMSTR) laa ts fT 
t394 LA address to Row address delay (DMA/MSTR) pf 38 fms fo 
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82C322-25MHz AC Characteristics PRELIMINARY 
(TA =00C to 700C, VCC = 5V + 5%, A.C. load = 85pf) 


t395 -MWE active from ADL active pf a fs fo 
t396 -MWE inactive from ADL inactive Pf 40 fms fo 


1329 -RAS <0,3> active from -CMD(rfsh ) | 30 fas fo 
om ans a tem cwmry | sf 
asa eretercaaam | psf» | 
am was a> imaoiommeceaeen | Jef» | 


seinen 
43. -XDEN active from -CMD active [fo fs | 
G44 XDEN inactive from-CMD active - yo fs | 


6 ROMS vets | 
a7 RONCSimsivetowPetR® | ws | 
[32 MMADRDH ce fome——Ows| 
S86 OOP aie dey ems | 
7 OnOPiacnetomreRE iw | 
as ATOR || 
6 ARBLGNT HORE || 
a Aw emere Sw 
ae Amacom eS ws 
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$2C322-25MHz AC Characteristics PRELIMINARY 
(TA =0°C to 700C, VCC = 5V + 5%, A.C. load = 85pf) 


ao ram OT 
aor Pau iwine 
CE 


t403 PCLK2 rise time ns 0.8 to 
VCC 

-0.8 V 

VCC 

-0.8 to 
ST ee 


t404 PCLK fall time 
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ee we 


t349 


T2P —— TIP —> 
| | 


Figure 4.1 


Memory 


t382 


on LD Bus, Page Mode, 1 Wait State, Read Hit Cycle 
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Figure 4.2 Memory on LD Bus, Page Mode, 1 Wait State, Page Miss, Read Cycle 
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Figure 4.4 Memory on LD Bus, Page Mode, 1 Wait State, Write Hit Cycle 
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Figure 4.5 Memory on LD Bus, Page Mode, 1 Wait State, Page Miss, Write Cycle 
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Figure 4.6 Memory on LD Bus, 
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RAS High, Write Cycle 
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Figure 4.7 Memory on LD Bus, 
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During T2P 322 decodes address for next cycle, by end of T2P a hit or miss is decided. Assuming 256K DRAM 
with four way interleaving, during a hit address lines A2—A10 are used as Column address, A111. and A12 are 


used for Bank decoding. . 
Page Mode, O Wait State, Read Hit Cycle 
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Figure 4. 
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8 Memory on LD Bus, Page Mode, O Wait State, Page Miss, 
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Figure 4.9 Memory on LD Bus, Page Mode, O Wait State, RAS High, Read Cycle 
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Figure 4.10 Memory on LD Bus, Page Mode, O Wait State, Write Hit Cycle 
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Figure 4.11 Memory on LD Bus, Page Mode, O Wait State, Page Miss, Write Cycle 
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Figure 4.12 Memory on LD Bus, Page Mode, O Wait State, RAS High, Write Cycle 
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Figure 4.13 DMA/Master Cycle, External Delay line 
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CAS. active NOTE : 1. Configured as Index = BB, Bits 4,5,7 = 0 
2. Index Register BB bits 4° and 5 control timing for RAS inactive from CAS active. 
As shown in table 1. 
2 CLK2 3. Index Register BB bit 7 AN ees of CAS with respect to Column Address. 
20 -CLKZ lf bit 7 O CAS gets generated later then Column Address. 
ae ne If bit 7 = 1 CAS gets generated 1 CLK2 after Column Address. 


Figure 4.14 DMA/Master Cycle, Internal Delay Line 
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Figure 4.15 Refresh Cycle, Internal Delay Line, 1 Wait State 
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Figure 4.16 XDEN Timing 
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Note : Assumes a 25 MHz (AF32 option enabled) Microchannel Cycle. 


Figure 4.19 ROMCS and OBIOP Generation 
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Figure 4.20 READY Sampling by 322 
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Figure 4.23 HRQ and HOLD Timing 
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Figure 4.24 Clock Timing 
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Figure 4.25 


DIMENSIONS: mm (in) 


30.5 (1.201) 
33.2 (1.307) 


30.5 (1.201) 
33.2 (1.307) 


PIN #1 


0.65 (0.026) TYP _ Z 0.3 (0.012) TYP 


re 
TTT 


1.4 (0.055) MAX 


3.91 (0.154) MAX 


TE, 


144 PIN PLASTIC FLAT PACKAGE (SQUARE) 


82C322 Page/Interleaved Memory Controller 


820325 Data Buffer PRELIMINARY 


FEATURES 

7 Bus Conversion logic for 32 bit to 16 or 8 bit data transfers 
a" Bus Steering for DMA and 16 bit Masters 

_ Parity generation and detection logic 


ce User programmable address decode registers and IBM ps/2iM compatible POS registers 


FUNCTIONS 


The 82C325 Data Buffer performs the following functions in the CHIPS/280 implementation of 
Model 70/80. Figure 5.1 shows the block diagram of the 82C325 Data buffer. It consists of five 
modules: 


i Data buffers and latches 

a Bus conversion logic 

i Parity generation/detection logic 

Ba Configuration registers and User programmable decode registers 
Hl Miscellaneous system logic 


Data Buffers and Latches 


The 82C325 provides the buffering between the CPU data bus (LDO-LD31) and the memory 
data bus (MD0O-MD31). The LDO-LD31 lines sink 4 mA output low currents TOL). The MDO- 
MD31 lines sink 8 mA IOL. 


Bus Control Logic 


The Bus Control unit controls the bus transaction between LD and MD buses. There are two 
basic types of cycles: 


1. CPU/DMA cycles 
2. External Master initiated cycles 


1.0 CPU/DMA CYCLES 


For CPU/DMA (local bus cycles) initiated cycles, bus direction is controlled by AC <1:0>, 
-DRD, DLE and -VGACMD signals. When CPU or DMA controller is in control of the bus, the 
data transfer direction, by default, is from the LD to the MD bus. During read cycles, -DRD is 
active enabling data transfer from the MD to the LD bus for all read operations. When DMA or 
CPU reads memory on the LD bus or when CPU reads DMA or NP registers, the data path is not 
from the MD-LD bus. DLE and -VGACMD are used to latch the read data. DLE is used to latch 
the data for the local memory read cycle and -VGACMD is used for latching data ums non- 
local memory cycles. 
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Figure 5.1 82C325 DATA BUFFER Block Diagram 


82C325 Data Buffer PRELIMINARY 
The latch enable signal from the Memory Data bus to the CPU Data bus is controlled by -DRD, 
HLDA, MTR32, MASTER and the action codes AC <0:1>. Latching occurs on the trailing edge 
of DLE for DRAM read cycles from the CPU. When the CPU is writing to slaves on the D bus, 
additional data hold time is provided by internally latching the write data, using -WDLTH. The 
write data is latched using the leading edge of -WDLTH, to provide between 40 to 61ns of data 
hold time after -CMD goes inactive. Figure 5.2 is a block diagram showing the data paths for 
the CHIPS/280 system, with 8, 16 and 32-bit slaves and 16, 32-bit masters. 

1.1 External Master Initiated Cycles 

When MASTER is in control of the system bus the default data transfer direction is from the MD 
to the LD bus. The 82C322 activates DRD according to the -LSO, -LS1 and LM/-IO inputs. It is 
the responsibility of the Master to perform the necessary bus conversion. 

1.2 Bus Conversion Logic 

The 82C325 provides data bus conversion when the 32 bit CPU reads from or writes to 8 or 16 
bit devices. It also provides bus conversion when the 16 bit DMA controller reads from or 
writes to 8 bit devices. It provides bus steering for the DMA controller and 16-bit Masters, while 
accessing the upper word of 32-bit slaves. The various paths under CPU, DMA, 16-bit Master 
and 32-bit Master control are listed in Table 5.1 in-conjunction with Figure 5.3. These 
conversions are controlled by the action codes generated by the 82C321 and other signals such 
as: HLDA, MASTER, MTR32, -LDLOC. 


Table 5.1 
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$82C325 Data Buffer PRELIMINARY 
Table 5.1 (continued) 


Cycle | | 


16-bit MSTR 32 bit LO word write 


16 bit write on LD bus 


F-E, H-G 


16-bit MSTR 32 bit LO word read 


16 bit read on LD bus 


E-F, G-H 


1 32 bit HI word write 


on the LD bus 


16-bit MSTR F-J-A,H-K-C 


32 bit HI word read 
on the LD bus 


16-bit MST A-J-F,C-K-H 


pod, 


DRAM HI word write 
on the MD bus 


16-bit MSTR F-J-B,H-K-D 


from DMA registers 
oo [bua [ietiwaie [RRS 
oo | Ma 

on the MD bus 

| on the MD bus 

on the LD bus 

on the LD bus | 
sone 
See 
Ee 
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Table 5.1 (continued) 


16-bit MSTR DRAM HI word read B-J-F,D-K-H 
on the MD bus 
16-bit MSTR 8 bit write to DMA F-E,H-G 
or 82C325 registers 
16-bit MSTR 8 bit read from DMA E-F,G-H 
or 82C325 registers | 
16-bit MSTR 32 bit HI word write F-J-B,H-K-D 
to slave on MD bus 


to slave on MD bus 
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. lek ee it MD<8:168> ae bewl> | ||. 
80386 | ) 
CPU LL : 
LD<16:23> MD<16:23> D<18:23> 
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Buffer 
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82C325 Data Buffer PRELIMINARY 
1.3 Parity Generation/Detection Logic 


For local RAM write cycles, the 82C325 generates odd parity (including parity bit) for each of 
the four bytes of a double word. These valid odd parity bits are written to the bits MPO, MP1, 
MP2, and MP3 in the local DRAMs. Whenever there are an even number of ones in a byte, the 
corresponding MP bit will be one. During a local memory read cycle, the 82C325 checks for 
even parity (including parity bit) for each local DRAM byte read. If the parity is detected as 
being even, the 82C325 flags a parity error, if the parity error is enabled (Register E1, bit O = 1). 
In order to enable the parity check, the parity check enable bit (bit 2 in port 61) should be 0, and 
the -PCEN (0:3) lines should be active. The parity check is enabled for each byte whenever the 
corresponding -PCEN line is active. The -PCEN lines are generated by 82C322 (bit 0 in El 
should be 0) and are used by 82C325. 


If the parity error is detected, the -CHCK 0 goes active, which generates -CHCK externally to 
the MCA and 82C322. The 82C322 uses the -CHCK signal to latch the address caused by the 
parity error in address recovery logic. If NMI is enabled (port 70, bit 7 = 0) the NMI is - 
generated to the CPU. Whenever a parity error occurs, the parity error is cleared by toggling bit 
O (write 1, and then Q) in El, and bits 2 and 3 (write 1, and then Q) in port 61. Parity bit outputs 
MP <0:3> are tristated during read operation. 


2.0 ON-CHIP I/O PORTS and DECODE LOGIC 
This unit includes the following functionalities: 


NMI Generation 
VGA Signals 
-IRQ1 and IRQ12 

- Decoded Signals 
-KBDCS 
PGMP 
-XDIR | 
-P74WR and -P75WR 


2.1 NMI Generation 


If either /CHCK or parity error signal is active and the I/O port 61 bit 3 or bit 2 is enabled, NMI 
will be generated if it is not masked (I/O Port 70 bit 7 should be set to 0). -CHCKO is activated 
during a parity error condition. To clear the parity error in the NMI routine, bit 0 of port El 
should be toggled, and then bits 2 and 3 of port 61 should also be toggled. 


2.2 VGA Signals 


The 82C325 generates -VGASETUP signal when VGA is in the setup mode. When external bus 
masters want to disable motherboard VGA, they can do so by setting bit 0 in IO Port 3C3 to 0 
whereby, VGAEN is deactivated, disabling VGA.If 82C452 VGA is used the VGAEN pin of 
82C325 should not be used as 82C452 responds to port 3C# to disable the mother board VGA. 
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-IRQ1 and IRQ12 


The rising edges of the KBDP24 and KBDP25 activates the -IRQ1 and IRQ12 respectively: - 
IRQ1 connects directly to the 82C226. IRQ12 is buffered by an inverted open collector driver 
before driving the IRQ12 input on the 82C226. A read from J/O location 60H resets IRQ1 and 
IRQ12. 


2.3 Decoded Signals 
This unit also provides on-chip decoding for the following output signals: 
-P74WR and -P75WR 


The 2K CMOS static RAM uses an indexing scheme. The address of the memory location to be 
accessed is written to I/O ports P74WR and P7SWR. Data is then accessed through IO port 76H. 
The 82C325 integrates the decode logic for the generation of -74WR and -75WR outputs while 
the decode logic for -76EN is provided in the 82C226 System Peripheral Controller. 


-KBDCS 


The 82C325 has on-chip decode logic which monitors the I/O addresses and activates -KBDCS 
during accesses to the keyboard controller. 


-PGMP (0:2) 


The 82C325 supports three Universal Decoder outputs. The addresses and the address range that 
these outputs respond to, can be programmed. These outputs can be used as general purpose 
decoder for I/O ports. The -PGMP <0:2> can be generated by programming I/O setup registers 
and I/O decoder register. For example, in order to generate -PGMPO for a particular I/O address, 
registers R31 (1//O setup register 0) and R32 (I/O decode register 0) should be programmed. The 
address lines used for generation of -PGMP <0:2> are XA16 - XAO. If bit 2 of I/O setup register 
is Q then the corresponding -PGMP output is generated for the programmed address only if 
XA10 - XA16 are zeroes. i.e for the I/O address range OH-3FFH. If -PGMP <0:2> is to be 
generated for any address range of 0H - FFFFH, the address lines XA16 - X10 could be 
externally decoded to generate -PGMPDEC to the 82C325, in which case bit 2 of I/O setup 
register should be 1, in order to factor the -PGMPDEC signal during -PGMP <0:2> decoding. 
Thus address lines XA10 - XA16 determine the 1K block in 0 - 64K address range and XAO - 
XAY determine the actual address within 1K block. The option is also provided to mask the 
lower address bits XAO - XA2, during -PGMP <0:2> decoding. For example, if -PGMP0 is 
programmed for I/O address 30H, and masking all the lower address bits (KAO - XA2) will 
result in -PGMPO being generated for I/O address 30H - 37H. 


The -PGMP <0:2> can be generated for I/O read or I/O write only. Bits 3 and 4 of I/O setup 
registers are used for this purpose. If bit 3 = 1, then the corresponding -PGMP output is 
generated whenever there is I/O write operation for the selected I/O address. 


-XDIR 


The 82C325 generates XDIR to direct data transfers between the XD BUS and the D bus. 
-XDIR is not generated for programmable I/O ports -PGMP <0:2>. 
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3.0 82C325 PIN DESCRIPTIONS 
CONTROL 


76 ACTION CODES input from 
77 the 82C321 are used for bus 
sizing and word, byte 
assembly operations. 


ACI 
ACO 


ON 
Se) 


DATA LATCH ENABLE is 
an active high input from the 


82C322 used to enable the 
local memory data buffer 
latch. 


DATA READ is an active 
low input from the 82C322 
used to transfer data from the 
local memory data bus to the 
CPU data bus. If high, it sets 
the data path from the CPU 
data bus to the local memory 
data bus. 


WRITE DATA LATCH 
ENABLE is an active low 
input from the 82C322 CPU 
Controller, used to, provide 


the Micro Channel data 
hold time for channel write 
cycles from the CPU. It is 
inactive for DMA and 
MASTER cycles. 


pot been pt ~~] 
~] ho ph pet 
oe) 1S) 


X BUS I/O READ is an 
active low input from the 
82C321 for reading internal 


registers of the 82C325 and is 
also used for generation of 
programmable decodes and - 
XDIR. 


~~] 
ie 


james 
— OO 


~] 
\O 


X BUS I/O WRITE is an 
active low input from the 
82C321 for writing to the 
internal registers of the 
82C325 and also used for 
generation of programmable 
decodes. 


7 - 
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PFP 
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X DATA BUS ENABLE is 
an active low input from the 
82C322 Memory Controller 
and is used to generate the 

XDIR signal. 


X DATA BUS DIRECTION 
CONTROL is an output used 
to control the direction of the 
X Data Bus transreceiver. 
When low, it indicates a read 
cycle and when high, it 
indicates a write cycle. this 
line is normally high. 


INTERRUPT 
ACKNOWLEDGE is an 
active low input from the 
82C321 CPU Controller, 
used to control XDIR to read 
the interrupt vectors. 


M BUS TRANSLATE 32 is 
an active high input, 
indicating that a 16-bit 
MASTER or DMA controller 
is in control of the system. It 
is use to provide necessary 
bus steering between the 16- 
bit MASTER and the upper 
word of 32-bit slaves. 


HOLD ACKNOWLEDGE is 
an active high input from the. 
80386 CPU, relinquishing the 
bus to the DMA Controller or 
MASTER. 
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CONTROL (continued) 


LOCAL DRAM LOCATION 
is an active low input (strap), 
indicating the presence of 
DRAMs on the Memory Data 
Bus. When high, it indicates 
the presence of DRAMs on 
the Local Data Bus. It is used 
to provide the necessary data 
bus steering control from 
CPU, DMA Controller or 
MASTER to the system 
DRAMs. 


RESET 4 is the active high 
system reset from the 
82C321. When active, it 
resets the internal registers of 
the 82C325 to their default 
state, all outputs go inactive 
and the data lines are three- 
Stated. 


MASTER is an active low 
input, asserted when an 
external master is in control 
of the Micro Channel. It is 
used for data buffer direction 
control. 


VGA COMMAND is an 
active low input indicating 
data transfer activity. It is 
used to latch data in the read 
latches in 82C325. 
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ADDRESS LINES 


X ADDRESS lines XAO - 
XA9 are used to 
communicate with the 


internal registers of the 
82C325. 


Data lines LDO - LD31 from 
the CPU. 
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DATA LINES (continued) 


MEMORY DATA LINES 


MEMORY DATA lines 
MD0 - MD31 from the 
memory bus. 
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PARITY 

MPO 1/0 85 118 MEMORY PARITY bits 
MP1 YO 33 119 for the four bytes of the 

MP2 V/O 86 120 system DRAMs. These lines 
MP3 VY/O 129 121 are input during memory read 


operations for parity error 
detection and are output 
during memory write 
operations for parity 
generation. 


116 CHANNEL CHECK is an 
active low input from the 
MCA. When active 
it indicates a catastrophical 
error on the MCA and must 
be held low until the interrupt 
handler resets it. When 
active, it generates an NMI to 
the CPU (if enabled). 


114 CHANNEL CHECK 
7 OUTPUT is an active low, 

output to the -CHCK line on 
the MCA. It goes 
active upon detecting a parity - 
error during a system 
memory read operation. It is 
used internally, to generate a 


non-maskable interrupt (if 
enabled) to the CPU. 


115 NON MASKABLE 
INTERRUPT is an active 
low, open collector output to 
the 80386 (if enabled), when 
either -CHCK is active or 
- CHCKO is active. 


PARITY CHECK ENABLES 
<0:3> are active low 
parity enable inputs from the 
§2C322. When enabled, 
these lines individually check 
the parity of the respective 

_ Memory Data bytes. 


NNNAOXN 
COM NN 
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MISCELLANEOUS SIGNALS 


nb 


-OBIOP I 114 ON BOARD 1/0 PORT is an 
| active low input from the 
| 82C322. In conjunction with 
XA<0:9>, it is used for 
complete on board I/O 
address decoding for the 
internal registers of the 
82C325, the user 
programmable I/O ports, 
| several peripheral chip select 
functions and for data bus 
| control. 
I 70 74 


-DSKDACK DISK DMA 
ACKNOWLEDGE is an 
active low input is used to set 
the I/O port 091H, bit O and 
for XDIR control. 


CDSFBK I 128 117 CARD SELECTED FEED- 
BACK is an active 
low signal. It is asserted 
when a slave on the system is 
accessed. Its state is latched 
in I/O port 091H. 


KBDP24 I 79 101 KEYBOARD PORT 2-4 is 
an active high input from the 
7 8042 keyboard controller 
providing keyboard interrupts 
| and is used to generate - 
IRQI1. 
KBDP25 I 123 102 KEYBOARD PORT 2-5 is 
an active high input from the 
8042 keyboard controller 
providing mouse interrupts 
| and is used to generate - 
IRQ12. 
-VGAACK I 30 111 VIDEO GRAPHICS 
ADAPTER 
ACKNOWLEDGE is an 
active low input from the 
VGA controller in response 
to a selected VGA I/O or © 
memory. It is used to set I/O 
port 091H bit 0 to a one. 
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MISCELLANEOUS SIGNALS (continued) 


-VGASTUP VIDEO GRAPHICS 
ADAPTER SET UP is an 
active low output during 
VGA Set-up and is the output 
of I/O port 094H bit 5. 


VGAEN 113 VIDEO GRAPHICS 
ADAPTER ENABLE is an 
active high output from I/O 
port 3C3H bit 0. When low, 
it disables the VGA 
subsystem. 


-KBDCS 


103 KEYBOARD CHIP SELECT 
is an active low output, used 
as the 8042 keyboard 
controller chip select. 

28 104 PORT 74 WRITE is an active 
low output to the lower 
address (CA0-CA7) latch of 
the CMOS SRAM. 

-P75WR 124 105 PORT 75 WRITE is an active 
low output to the upper 
address (CA8-CA11) latch of 
the CMOS SRAM 


125 106 INTERRUPT Soccuemer 1 is 
an active low output core 
82C226 IPC in a PS/2 
environment. It is used to 
generate keyboard interrupts. 


-IRQ12 81 107 INTERRUPT REQUEST 12 
is an active low output to the 
82C226 IPC in a PS/2 
environment. It is used to 
generate mouse interrupts 
and is an open collector line 
requiring a 1OK pull-up 
resistor. 
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MISCELLANEOUS SIGNALS (continued) 


PROGRAMMABLE PORT 
DECODE is an active low 
input which can be used in 
programmable I/O 

address decoding, -PGMP 
<Q:2>. 


PROGRAMMABLE PORT 
select <0:2> are active 
general purpose outputs for 
I/O decoding. The decode 
address can be programmed 
in I/O setup, and J/O decode 
registers. 


POWER SUPPLIES 


Power Supply 


Ground 


Rev 1.0 | Page 124 


82C325 Pin Description PRELIMINARY 


Power Supply 


Not Connected 


37 - 
poceees [|| 


Rev 1.0 Page 125 


82C325 Port Definitions PRELIMINARY 


4.0 82C325 REGISTER DESCRIPTIONS 


Miscellaneous Register R30 


Index Register Port: 22H 
Data Register Port: 23H 
Index: 80H 


Enable Programmable I/O decode. Default = 0 = disabled 
Disabled (default) 


V/O port 0070H, bit 7. 
When this bit is read as 1, it implies that NMI is disabled 


Write enable I/O port 03C3H. 
Write pe (default) When = 0, port 3C3H cannot be written 
to. 

Write enabled. When = 1, port 3C3 can be written to. 


This bit determines which edge of the -CMD 1s used to sample 
-VGAACK signal, and post it in card select feed back register (91). 


The trailing edge of CMD is used to sample VGAACK (default). 
The leading edge of CMD is used to sample VGAACK. 


Programmable I/O Setup Register-0 R31 


Index Register Port: 22H 
Data Register Port: 23H 
Index: 81H 


Programmable port address decode bit 8 
(default) 
Programmable port address decode bit 9 
(default) 
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Programmable I/O Setup Register-0 R31 (continued) 


Programmable port upper address decode (XA10 - XA16). 


2 

0 

1 
3 

] 
0 
4 
1 
0 
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-OBIOP input is used to decode Programmable port address. 
i.e. XA10 - XA16 are zeroes. Only XAO-XAQ are used for 
-PGMPO output. (Default) The port decode range is 0 - 1K. 


-PGMPDEC input is used in conjunction with XAO - XAQ, to 
generate -PGMP0. The -PGMPDEC input to the 325 is derived by | 
externally decoding XA10 - XA16. The port decode range is 

0 - 64K 


Write enable -PGMPO bit 


When this bit is 1, the -PGMP0 is only generated for I/O write 
operation. For example when -XIOWR = 0. 


When this bit is 0, -XJOWR is not factored in -PGMPO 
decoding.(default), -PGMPO in generated irrespective of -XIOWR. 


Read enable -PGMPO bit. 


When this bit is 1, the -PGMPO is generated for I/O read operation 
only. For example -XJORD = 0. 


When this bit is 0, -XIORD is not factored into -PGMPO decoding. 
-PGMP0 is generated irrespective of -XIORD. 


Programmable port lower. address mask bits (for address 
bits 0 - 2). Default is all bits unmasked. 


Masked Addresses 
All address bits unmasked (default) 


Address bit 1 masked (don’t-care) 


All lower 3 address bits masked (don’t-care) 
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Programmable I/O Decode Register-0 R32 


Index Register Port: 22H 
Data Register Port: 23H 
Index: 82H 


a 
ee 


Programmable I/O port address decode bit 7 


Programmable I/O Setup Register-0 R33 


Index Register Port: 22H 
Data Register Port: 23H 
Index: 83H 


Pe 


Programmable port address decode bit 8 
(default) oe 
Programmable port address decode bit 9 
(default) 
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Programmable I/O Setup Register-0 R33 (continued) 


Programmable port upper address decode (XA10 - XA16). 


5-7 
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Masked Addresses 


-OBIOP input is used to decode Programmable port address. 
i.e. XA10-XA16 are zeroes. Only XAO - XAQ are used for 
-PGMP1 output. (Default) The port decode range is O - 1K. 


-PGMPDEC input is used in conjunction with XAO - XAQ9, to 
generate -PGMP1. The -PGMPDEC input to the 325 is derived by 
externally decoding XA10 - XA16. The port decode range is 

0 - 64K 


Write enable -PGMPI1 bit 


When this bit is 1, the -PGMP1 is only generated for I/O 
operation. For example when -XIOWR = 0. 


When this bit is 0, -XIOWR is not factored in -PGMP1 
decoding (default). -PGMP1 in generated irrespective of - 
XIOWR. 
Read enable -PGMP1 bit. 


When this bit is 1, the -PGMP1 is generated for I/O read operation 
only. For example -XIORD = 0. 


When this bit is 0, -XIORD is not factored into -PGMP1 decoding. 
-PGMP1 is generated irrespective of -XIJORD. 


Programmable port lower address mask bits (for address 
bits O - 2). Default is all bits unmasked. 


All address bits unmasked (default) 
Address bit 1 masked (don’t-care) 


All lower 3 address bits masked (don’t-care) 
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Programmable I/O Decode Register-1 R34 


Index Register Port: 22H 
Data Register Port: 23H 
Index: 84H 
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Programmable I/O Setup Register-0 R35 


Index Register Port: 22H 
Data Register Port: 23H 


Index: 85H 


Programmable port address decode bit 8 
(default) 
Programmable port address decode bit 9 
(default) 


Programmable port upper address decode (XA10-XA16). 

-OBIOP input is used to decode Programmable port address. 

1e. XA10-XA16 are zeroes. Only XAQ-XA9 are used for -PGMP2 
output. (Default) The port decode range is O - 1K. 

-PGMPDEC input is used in conjunction with XAQ-XA9, to 
generate -PGMP2. The -PGMPDEC input to the 325 is derived by 
externally decoding XA10 - XA16. The port decode range is 

0 - 64K 


.Write enable -PGMP72 bit 


When this bit is 1, the -PGMP2 is only generated for I/O 
operation. For example when -XIOWR = 0. 


When this bit is 0, -XIOWR is not factored in -PGMP2 
decoding.(default), -PGMP2 in generated irrespective of -XIOWR. 


Read enable -PGMP72 bit. 


When this bit is 1, the -PGMP2 is generated for I/O read operation 
only. For example -XIJORD = 0. 


When this. bit is 0, -XIORD is not factored into -PGMP2 decoding. 
-PGMP2 is generated irrespective of -XIORD. 


7 


Programmable port lower address mask bits (for address 
bits O - 2). Default is all bits unmasked. 


Masked Addresses 
All address bits unmasked (default) 
Address bit 1 masked (don’t-care) 


All lower 3 address bits masked (don’t-care) 
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Programmable I/O Decode Register-2 R36 
Index Register Port: 22H 


Data register port: 23H 
Index: 86H 


Higher System ID Byte Register - R37 


Index register port: 22H 
Data register port: 23H 
Index: 87H 


This register contains the upper 8 bits of the system ID number and is a read/write register. The 
contents can be read from the System POS register 1, at location 0101H, under system set-up 
mode only. The default is FD. The ID bytes varies with the system. For example,.the IBM 
Model 80 at 16 MHz., ID = FE. This information is used by the NMI routine in the BIOS. 
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5.0 MISCELLANEOUS PORTS and POS REGISTERS: 


The system miscellaneous ports and POS registers are located in 82C325 and also distributed 
among other CHIPsets!'M. They are listed as follows: 


I/O port 60 - A read on this port resets IRQ1 and IRQ12. 
V/O Port 61 (Default) Bit Definition 


The Seed shows the bit definition for READ operations and also bits distribution among the 
CHIPSETIM. 


a 
6 [ermetcicror ‘peo ceseno 


ee 

a ad 
Refresh request 

[escsieckemtie ‘acs [ata 

0 [RieraGacwner ———(moRS [iat 


The following is I/O Port 61 bit deinition for WRITE operations and distribution. 


ie [oetnon owen 
See 
5 eee 
CO 
0 [fier Gaewqeiee mene 
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YV/O Port 70 Bit Definition 


This port is located completely in 82C325. 


Bis ation aes 


The bits 0-6 in J/O port 70 is used to access 128 byte of Real time CMOS RAM. When doing I/O 
operations to RT/CMOS RAM Interrupts should be inhibited. To access the RT/CMOS RAM, 
OUT to port 70 with the RT/CMOS address to be accessed and then immedietely port 71 should 
be accessed. If the RT/CMOS is to be written OUT to port 71 with the data and to read the 
RT/CMOS IN from port 71, data is returned in AL. 


I/O Port 91 Bit Definition 


This Port is located completely in 82C325. 


Bits Definition Access Default 


7-1 


Not used 


Channel acknowledge (O=No select feedback) | 
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T/O Port 92 Bit Definition. 
This port is located in 82C321 and 82C226. 


7 ~~ {Fixed disk activity Read/write §2C321 
light bit A 
Fixed disk activity Read/Write 82C321 
light bit B 
 sesaptecnendennnaeend 


eed 
Watch dog timer — |Read 82C226 
status 


Security lock latch | Write 82C321,82C226 
Read 82C321 
EO 


1 Alternate Gate A20 Read/write 82C321 | 
(default = 0) 
oO | Alternate Hot Reset 82C321 


WW 
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I/O Port 94 Bit Definition 


This is located in 82C325 for both read and write. In addition, while writing to bit 7, this bit gets 
written into 82C321, 82C226 and 82C607. 


i [Patnon awe | Da 
Cn 
Cn 


SYSTEM POS REGISTERS 
All the POS registers 100-103 and 3C3 are located in 82C325. 


V/O Port 100 bit definition 


V/O Port 101 
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V/O Port 102 Bit definition 


reste aw 
a 
eae ew 
seme ew 
ee 
Seaenaonae 


Disk enable 
PP, SP, Disk enable 


V/O Port 103 Bit Definition 


To access this register bit 3 of port 96 should be a Q to avoid sending a setup signal to any MCA 
slot, and bit 7 of port 94 should be 0 to accept setup cycles. After accessing port 103, bit 7 of 
port 94 should be set back to 1. 

PORT 103 is located in 82C325 and provided for compatibility purposese only. 


The following is the READ ONLY definition of port 103 


a4 1 MB memory installed 
in second connector. 
Bits 3, Bit2 Meaning 
QO OQ - IMb present 
1 1  1Mb absent 
re Gi - | 


1 MB memory installed 
in first connector. 


Bits 1 Bit 0 Meaning 
QO Q_ 1Mb present 


] 1 1Mb absent 
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The following is the WRITE definition of port 103 
The port 103 is writable but no activity takes place. 
I/O Port 3C3 Bit Definition 


This is located in 82C325. If 82C452 VGA is used port 3C3 is also provided in the VGA, in 
which case the VGAEN pin on 82C325 should not be used on the board. 


i On board VGA enable (1=enable) Enables VGA on the 


3 


motherboard. 


(O=disable) Disables the VGA 
on the motherboard. 


Note: (This is useful when 
there is a VGA card on the 
MCA bus.) 
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82325 Port Definitions | PRELIMINARY 


82C325 Absolute Maximum Ratings 


Parameter Symbol Min. Max. Units 
Supply Voltage VCC - 7.0 V 
Input Voltage Input. Voltage -0.5 VCC +0.5 V 
Output Guise. VO -0.5 5.5 V 
Operating Temperature TOP -259 ss 850 Cc 
Storage Temperature TSTG___-409 1250 C 
Maximum Power Dissapation - 0.84 W. 


NOTE: Permanent device damage may occur if absolute maximum 
ratings are exceeded. Functional operation should be 
restricted to the conditions described under Operating 
Conditions. 


82C325 Operating Conditions 


Parameter Symbol Min. Max. Units . 
Supply Voltage VCC 4.75 5.25 V 
Ambient Temperature TA QO 700 C 


82C325 DC Characteristics 
Operating Conditions: TA =0°C to 700C, VCC = 4.75 to 5.25V 


Parameter Symbol Min. Max. Units | 
Input Low Voltage Vol -0.5 1.5 V 
Input High Voltage wd 2.0 VCC+0.5 V 
Output Low Voltage VOL 0.45 V_(Note 1) 
Output High Voltage 78 2, 4 V_(Note 1) 
Input Leakage Current -80 +10 uA 
ESVINSYC 
Power Supply Current @ 25MHz Icc 120 mA 
Output High-Z Leakage Current IOZ1 -80 +0.1 uA | 
0.45<VOUT<VCC | | | 


Note 1: IOL = 8mA and IQH = -8mA for LD data bus, and data bus MP 0:3, NMI. 
IOL = 4mA and IOH = -4mA for all other output pins 
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82C325-16 AC Characteristics PRELIMINARY 
(TA =00C to 709C, VCC = SV +5%, A.C. load = 85pf) 


CPU CYCLES 

OUTPUT DELAYS | Min 
SL DeicenDae namie de 
ES 
SO _Denrain aime Yi 
1 Diana veined 
SOT W.NPabeLD ws STR 
50D DAZ TRI +i 
SB weivacwotnisaawe | fe 
Sit wD @iSinhewiniesvimke fs 
5 iDesaDamewnDeiaee |p 
Si DUssIinieonDOiSimre | ps 
7 DenawewiDeiare de 
St De nmcwoinesime |i 
9 Deis eiwemEnee | p> f» 
De sincieeMDe nine | 
{521 MD(0-7) active to LD(24-31) active | | 23 ns 
Bie Hmveowpershinke | fw 
B_oersianewubenewe | fs fw 
i Inasan mene nme |i 
[5 tDeioaaewinicapaene | pfs 
26 DDoS marewLDAeshime 
I tDesshaewLBrsaare | 
2 o6aDimetewidO IS mae Yim 
SB _Woioavconbianaae + ie 
[Stoo maewnDusaDinse | 
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82C325-16 AC Characteristics | PRELIMINARY 
(TA =0°9C to 700C, VCC = 5V + 5%, A.C. load = 85pf) 


OUTPUT DELAYS (continued) 


1544 MD(16-31) inactive to MP(2-3) inactive 
{551 -PCEN(0-3) active to -CHCKO active | 
(553 -PCEN(0-3) active to -NMI active (from Hi-Z) 


t555  -CHCKO active to -NMI active 


574 LD(O-15) to MP(Q-3) valid 


sie MOO inaieo Mead 
[59 DOivaivwMReaiis ws 
80 DeiaieMeD |i 


[7 MDinnlw Dinald trseawTe | ~iOws 

Se MDaloMPaiaermmNT | es 

Eo 
cen -_ 


t540 -DRD active to LD in Hi-Z for 32 bit MSTR 
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82C325-16 AC Characteristics PRELIMINARY 
(TA =0°C to 700C, VCC = 5V + 5%, A.C. load = 85pf) 


MASTER CYCLES (OUTPUT DELAYS continued) 
{541 -DRD active to MP in Hi-Z for 32 bit MSTR | |200 fas 


t547  -DRD active to MD (0-7) valid for internal register ie | 


access by MSTR. 
ls 


MISCELLANEOUS (OUTPUT DELAYS) 


t546 ia active to LD valid for Register access by Pe fe 


a ene aoa de] 
S_RoWimahen Naliio_——__| 
53009) cnr aise Kap me | pow 
{557 -XA(0-9), -OBIOP invalid to -KBDCS inactive ae ee ee 
Ss Haoraeiew die | 
t559 -XIORD active to -IRQI1 inactive | fs fms 
Sa_Raorsecnee mame 
t561 -XIORD active to -IRQ12 inactive | fis jms 
Seow, oWRsmDRN | 
56 Ro. oNRmneMNORRR | we 
|store wns vou | fw 
5G WR VOASETUR VR | fw 
nae | 


t569 -XIORD, -XIOWR inactive to -PGMP(0-2) inactive 


Ps 
ps 

t570 ~=-INTA active to XDIR low | IS ns 
XD oe 


t575  -DRD inactive to MD in Hi-Z for 32 bit MSTR 
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82C325-20 AC Characteristics PRELIMINARY 
(TA = 00°C to 700C, VCC = 5V + 5%, A.C. load = 85pf) 


2 
ac) 
S 
© 
me 
OQ 
SS 
Sy 
N 


OUTPUT DELAYS Min 


ai 


01 LD valid to MD valid, -MSTR inactive 

t502 LD invalid to MD invalid, -MSTR inactive 

t503 LD to MP delay, -MSTR inactive 

t504 LD invalid to MP invalid, -MSTR inactive 

t507 MD, MP active to LD active, MSTR inactive 
-DRD inactive to LD in Hi-Z -MSTR inactive 

t513. MD (0-15) active to LD(16-31) active 

t514 MD (0-15) inactive to LD(16-31) inactive 

t515 LD(16-31) active to MD(0-15) active 

t516 LD(16-31) inactive to MD(0-15) inactive 

t517 MD(0-7) active to LD(8-15) active 

t518 MD(0-7) inactive to LD(8-15) inactive 

t519 LD(8-15) active to MD(0-7) active 

t520 LD(8-15) inactive to MD(0-7) inactive 


NO No No NO No No NO NO NO WW 1) a i) — Nd < 
SN) eS) Wo eS) Wo W Wo eS) WwW © © oo © oo No SS 
ms 

=) 

“” 


MD(0-7) active to LD(24-31) active 
(522 MD(0-7) inactive to LD(24-31) inactive 
t523 LD(24-31) active to MD(0-7) active 
t524 LD(24-31) inactive to MD(0-7) inactive 
t525  LD(0-15) active to LD(16-31) active 
1526 LD(0-15) inactive to LD(16-31) inactive ns 
t527 LD(16-31) active to LD(O-15) active 


t528 LD(16-31) inactive to LD(O-15) inactive 


i) — 
— >) 


{529 LD(0-15) active to MD(16-31) active 
{530 LD(0-15) inactive to MD(16-31) inactive | [23 ns 


Rev 1.0 Page 143 


82C325-20 AC Characteristics PRELIMINARY 
(TA = 00°C to 700C, VCC = S5V +5%, A.C. load = 85pf) 


Min 


Re 


OUTPUT DELAYS (Continued) 


ee) SS) Wo SS) SY) S) 


1536 MD (16-31) inactive to MD(O0-15) inactive 


PARITY RELATED OUTPUTS OUNPUTDELAYS) 
[32_MOUGSIinsie MPV 
38_MDO I aiveoMMBD ace 
SH_NDUEADiecive wMPEDinive 
1S51_-PEENOS) sie w-GCKO ave 
(58 _-FEENO) stew Naive emt) 
t555  -CHCKO active to -NMI active 

su WeIeMPED 
SF MOGI WMO MAD aR 
[Sm MOGI inaidwo MRD ial 
59 LOI inniO MAD inal 
st LOOMED wi 


MASTER CHC OUTRUTDELATS 
7 MDinaie Dinas oD HNSTR 
MD OM a eS2ONTR 
9 MDialo Pinal eT 


t540 -DRD active to LD in Hi-Z for 32 bit MSTR 


Min 


Re 


. 
‘ 


NO] es | — |] — 1 = 
m= | Wy} Mii wo] & 


W 
ON 


me | UO 
a be 


jo) 


0 |= 
fs 


||| F 
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82C325-20 AC Characteristics PRELIMINARY | 
(TA =00°C to 700C, VCC = 5V + 5%, A.C. load = 85pf) : 


t541 -DRD active to MP in Hi-Z for 32 bit MSTR 


=} 
nn 


”A 


-DRD active to MD(0-7) valid for internal register 
access by MSTR. 


=) 
7) 


MISCELLANEOUS OUTPUTS (OUTPUT DELAYS) 


t546 -VGACMD active to LD valid for Register access by 
CPU. 


1552. -XIOWR inactive to -CHCKO inactive 


t554. -XIOWR inactive to -NMI inactive(to Hi-Z) 


=) 
7) 


t556 -XA(0-9), -OBIOP valid to -KBDCS active 
t557. -XA(0-9), -OBIOP invalid to -KBDCS inactive 


=) 
7) 


Ta 


t558 KBDP24 active to -IRQI active 


=) 
7) 


t559. -XIORD active to -IRQ1 inactive 
t560 KBDP25 active to -IRQ12 active 


=) 
”n 


|1561 -XIORD active to -IRQ12 inactive 


=) 
”n 


t562 -XIORD, -XIOWR active to XDIR low 
t563 -XIORD, -XIOWR inactive to XDIR high 


=) 
Nn 


t564 -XIOWR inactive to -VGASETUP, VGAEN low 


=) 
”n 


t565  -XIOWR inactive to VGASETUP VGAEN high 
t566 -XIOWR active -P74WR, -P75WR active 


TTT TTI TT TT Ty yyy 


— beak p= — peck bt = prone enna pomnd pea pooh — Wo med pd SS) 


=) 
n 


t568 -XIORD, -XIOWR active to -PGMP(0-2) active 


=) 
7) 


t569 -XIORD, -XIOWR inactive to -PGMP(0-2) inactive 


~ 
“nN 


t570 =-INTA active to XDIR low 


=) 
Fe) 


t571 -INTA inactive to XDIR high P n 


nN 
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82C325-25 AC Characteristics PRELIMINARY 
(TA = 00°C to 70°C, VCC = 5V + 5%, A.C. load = 85pf) 


C? 
~ 
S 
) 
ne 
C) 
3 
ie 
MN 


OUTPUT DELAYS Min |Max | Unit 


ot 

WC 
© 
poo 


LD valid to MD valid, -MSTR inactive 


hm | NO 
fat la 


t502 LD invalid to MD invalid, -MSTR inactive 


” 


{503 LD to MP delay, -MSTR inactive r 4 
{504 LD invalid to MP invalid, -MSTR inactive mm 
t507 MD, MP active to LD active, MSTR inactive 4 
-DRD inactive to LD in Hi-Z -MSTR inactive -— 
{513 MD (0-15) active to LD(16-31) active ma 
{514 MD (0-15) inactive to LD(16-31) inactive -— 
{515 LD(16-31) active to MD(0-15) active 4 
{516 LD(16-31) inactive to MD(0-15) inactive — 
t517 MD(0-7) active to LD(8-15) active a 
{518 MD(0-7) inactive to LD(8-15) inactive | ]23 
{519  LD(8-15) active to MD(0-7) active = 
{520 LD(8-15) inactive to MD(0-7) inactive — 
MD (0-7) active to LD(24-31) active -_ 
MD (0-7) inactive to LD(24-31) inactive. - 
{523 LD(24-31) active to MD(0-7) active = 
{524 LD(24-31) inactive to MD(0-7) inactive -_ 
ma 
= 


la 
oe) 
~” 


t525  LD(0-15) active to LD(16-31) active 
t526 LD(0-15) inactive to LD(16-31) inactive ns 


[a7 incest Bs 
[28 EAs imate wEDOIVimee | es 
[39 LOD eiewnDMeaace | es 
[30 OD inci eMDUEADme Bs 


SS) eS) Wo 
n 7) 


Tr | Or Tr 
N > dN — 
N >Re —) 
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$2C325-25 AC Characteristics PRELIMINARY 
(TA =0°C to 700C, VCC = SV +5%, A.C. load = 85pf) 


OUTPUT DELAYS (continued) Min 


Re 
li 
=¢ 


t531 MD(16-31) active to LD(O-15) active 
t532 MD(16-31) inactive to LD(O-15) inactive 
t533. MD (0-15) active to MD(16-31) active 
t534 MD (0-15) inactive to MD(16-31) inactive 
t535 MD (16-31) active to MD(0-15) active 


SS) SS) 2 SS) SS) 1S) 


t536 MD (16-31) inactive to MD(O-15) inactive 


5a NDOGsHiew na 
SNC woNEI eRe | 
St NogGahimeenRa me 
SL_FeNG A awee HERR 
{553 -PCEN(0-3) active to -NMI active (from Hi-Z) -_ 
- 
= 
-_ 
= 
_ 
_ 


5 


’ 
=) 
= 


nN 
nN 
Nn 


t555 -CHCKO active to -NMI active 
t574 LD (0-15) to MP(2-3) valid 


t577 MD(0-15) valid to MP(2-3) valid 


t578 MD (0-15) invalid to MP(2-3) invalid 
t579 LD(0-15) invalid to MP(2-3) invalid 
t580 LD(0-15) valid to MP(2-3) valid 


[7 MDinaid wD inal. teseoUNTR | 
8 MoM PHM 
9 MDivald eM oe mT | 

— 


ma 
as 
Unit 


ed ee ee eee ee ee | a ee cee 
Ow | Ol eft wol]ant ol wo] o|;]ol @& 


S 

S) 

S 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


S 
a 


t540 -DRD active to LD in Hi-Z for 32 bit MSTR 


NO NO — NO 
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82C325-25 AC Characteristics PRELIMINARY 
(TA =00°C to 700C, VCC = 5V + 5%, A.C. load = 85pf) 


MASTER CYCLES (OUTPUT DELAYS continued) 


-DRD active to MD(0-7) valid for internal register 
access by MSTR. 


MISCELLANEOUS (OUTPUT DELAYS) Min Unit 
t546 -VGACMD active to LD valid for Register access by - 
CPU. 


t552 -XIOWR inactive to -CHCKO inactive 
-XIJOWR inactive to -NMI inactive(to Hi-Z) 


o> 

| 
Wn 
rN 


t556 -XA(Q-9), -OBIOP valid to -KBDCS active 
t557 -XA(0-9), -OBIOP invalid to -KBDCS inactive 


=) 
n 


t558 KBDP24 active to -IRQ1 active 


1) 
n 


— oat pend poh pone ps pond foomeh pond — —_ bp — oe) jek pom \oe) < 
i) Nw ms WN w— —N om) WW Ws bona w— No NWN 7) Nn ~] Nw 5 

ms 
7p) nN 


ot 
Ws 
WN 
\O 


, -XIORD active to -IRQ1 inactive 
t560 KBDP25 active to -IRQI12 active 

61 -XIORD active to -IRQI12 inactive 
t562 -XIORD, -XIOWR active to XDIR low 


t563 -XIORD, -XIOWR inactive to XDIR high 7 


=) 
7) 


t564 -XIOWR inactive to -VGASETUP, VGAEN low 
t565 -XIOWR inactive to VGASETUP VGAEN high 


i) 
J) 


t566 -XIOWR active -P74WR, -P75WR active 


=) 
”n 


t568 -XIORD, -XIOWR active to -PGMP(0-2) active 


=) 
n 


=) 
”n 


t569 -XIORD, -XIOWR inactive to -PGMP(0-2) inactive 
t570 = -INTA active to XDIR low 


=) 


ot? 

WG 
~] 
pan 


-INTA inactive to XDIR high n 


N 


vS) 
ra") 
< 
a 
om) 
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LD<0:31> 
oon eee 0), ‘502 


: SSS 
MD<0:31> oe ee) 


i t505 
<t504 


3 SO 
MP<0:3> 3 <r ae), 


<503 
DRD eee 


Figure 6.1 CPU Writes to DRAM on MD Bus (DMA Low Word) 


MD<0:31> 
MP<0:3> 


LD<0:31> 


Die 


DRD 


Figure 6.2 CPU Reads DRAM on the MD Bus (DMA Low Word) 


MD<0:15> 


LD<16:31> 
MP<2:3> 


LD<16:31> 


MD<0:15> 


~MD<0:7> 


LD<8:15> 


LD<8:15> 


MD<0:7> 


MD<0:7> 


LD<24:31> _ 


LD<24:31> 


MD<0:/7> 


MD<0:15> To LD<1 6:31 > 


LD<16:31> To MD<0:15> 


tS15 {516 


MD<0:7> To LD<8:15> 


< ae a eee eS 


_y 


Figure: 6.3 


< (ay yagi per AN LPL) 
t517 {518 


LD<8:15> To MD<0:7> 


) t519 t520 
MD<0O:7> To LD<24:31> 


toZ1 t522 
LD<24:31> To MD<0O:/7> 


rath Propagation Delays 


LD<0:15> To LD<16:31> 


LD<0:15> 


LD<16:31> 


MP<2:3> saeen ier eee ar aa 
| < (574 <— {579 


LD<16:31> To LD<0:15> 


LD<16:31> 
LD<0:15> 
t527 t528 
LD<0:15> To MD<16:31> 
LD<0:15> 
MD<16:31> 


MP<2:3> ale a a 
< t580 <— (542 


MD<16:31> To LD<0:15> 
MD<16:31> 


LD<0:15> 
a 1931 too 


MD<0:15> To MD<i1 6:31 > 


MD<0:15> . 
(533 £1534), 


MD<16:31> 
MP<2:3> 3 3 
<< 1543 <— (544 
MD<16:31> To MD<0:15> 
MD<16:31> 
MD<0:15> 


, tO39 {536 


Figure 6.4 Path Propagation Delays 


Figure 6.5 IRQ and IRQ12 Timing 


VGASTUP 
VGAEN 


VGASTUP or 
VGAEN 


P74WR 
P7SWR 


PGMP<0:2> 


4568 > 
Figure 6.6 Misc. Signal Timing 


VGACMD 


LD<O:7> or 
LD<8:15> or 
LD<16:23> or 
LD<24:31> 


DRD a ae ea ee RO 
Figure 6.7 Register Access from CPU(Read) 


DRD 


MD<0:7> 


K+ 47 


Figure 6.8 Register Access from Master(Read) 


PCEN<0:3> 
952 


CHCKO 


22 554 


NMI 


| t555 
XIOWR \ paieiennyinaaeoseanl 


a 


Figure 6.9 NMI and CHCKO- Timing 


Figure 6.10 XDIR, XDEN and INTA Timing 


-> t507 {537 
. 3 —SSSM 
LD<0:31> <I D 
X 1538 K (539 
3 3 SSSSM 
MP<0:3> 3 <)> 
: 't540 
DRD 


Figure 6.11 32 Bit Master Write to DRAM on LD Bus 


LD<O0:5 > 
t501 t502 


| 
iD<0:31> >>> 
t5S75 


Figure 6.12 32 Bit Master Read from DRAM on LD Bus 


A. C. Testing Load Circuit 


Device 
under 
Test 


85 pf o 


A. C. Testing Input, Output Waveform 


Input Output 


-OV FG TEST POINTS ue V. 
O.45v 


Figure 6.13 


DIMENSIONS: mm (in) 


30.5 (1.201) 
33.2 (1.307) 


30.5 (1.201) 
33.2 (1.307) 


PIN #1 


3.91 (0.154) MAX 


a 


1.4 (0.055) MAX 


144 PIN PLASTIC FLAT PACKAGE (SQUARE) 


82C325 Data Buffer 


82C223 DMA CONTROLLER PRELIMINARY 


FEATURES 

Es Eight Independent DMA channels 

a Extended Mode Operation 

a 64K I/O addressing capability. I/O address generation optional. 

a Register/Program Compatibility with 8237 in the compatible mode. 
a 16 MByte memory addressing capability 

| Data transfer between memory and I/O 

i Status signals compatibility to 80286 

a Serial DMA operation 

_ Read Verification mode 

a Virtual DMA support for channels 0 and 4 

ie Each channel individually programmable to support either byte or word transfer 
a DRAM refresh Logic support for 256KB, 1MB and 4MB DRAMS 
FUNCTIONS 


The 82C223 DMA Controller performs the following functions in a CHIPS/250 or CHIPS/280 
implementation. Figure 7-1 Shows the block diagram of 82C223. 


NMI Bus time out capability 
Error recovery mechanism 
Refresh clock generation 


Central Arbitration Control Point (CACP) intergrated on chip: 


* 16 Arbitration Levels 
Central Arbitration 

* Local Arbitration 

* 


Burst Mode Operation 

Fabricated in 1.5 micron CMOS technology 

100% compatibility with IBM PS/2 family 
Available in 84 pin PLCC or 100 pin PFP packages. 
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HOLD 
HLDA 
INTR 
—NMI 
—BTO 
—MASTERO 


1.19MHz 


DSKDREQ 
—DSKSACK 
—HDDISK 


—LSO,—LS1 
LM/—I0 
—LBHE 
—READY 
LD<0:15> 


LA<0:23> 


CLKA(40MHz) 
CLKB(20MHz) < 
RESET4 


Figure 7.1 82C223 Block Diagram 
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REFRESH 
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ARB/—GNT 
ARB<0:3> 
—BURST, —PREEMPT 
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82C223 DMA CONTROLLER | PRELIMINARY 


1.0 OVERVIEW 


The 82C223 DMA Controller incorporates the micro channel Central Arbitration Control Point 
(CACP), eight programmable DMA channels, 11-bit wide memory refresh, and other 
miscellaneous logic. 


While maintaining complete compatibility with the DMA implementation on IBM PS/2 Models, 
the chip integrates additional features like error recovery and refresh clock generation logic. The 
82C223 along with the CHIPS/250 or the CHIPS/280 CHIPSet, poe: a highly integrated high 
performance solution for IBM PS/2 compatible implementation. 


The 82C223 DMA controller is implemented using advanced CMOS technology and is available 
in either 84 pin PLCC or 100 pin PFP packages. 


2.0 CACP 


The Central Arbitration Control Point allows slave DMA devices or external Bus Masters to 
share control of the system bus. It supports bursting devices and implements a "Fairness" scheme 
that ensures all requesting device get access to the system bus. It supports up to sixteen 
arbitrating devices such as slave DMA peripherals or intelligent Bus Masters. 


The micro channel has two states, one called the arbitration state and the other called the grant 
state distinguished by the level of the ARB/-GNT signal. If ARB/-GNT is high, then it is in the 
arbitration state and when low, it is in the grant state. 


Each local arbiter (MASTER or a DMA slave) on the channel is assigned a unique 4 bit 
arbitration level. Level 0 has the highest priority and level 15 the lowest. The level 15 is reserved 
for the system CPU. 


A DMA slave requests the use of the MCA by activating the -PREEMPT line. The Central 
Arbitration Control Point (CACP) raises the ARB/-GNT line signifying the start of an arbitration 
cycle. During this interval, the DMA slave drives its arbitration levels onto the 4 ARB pins. 


If any other device also requests the bus, it or they also assert their priority levels on the 4 ARB 
pins. Each competing device compares the levels it is driving on the pins with the levels already 
on the pins. If the device sees a higher priority level on the bus than it is trying to assert, then it is 
declared a loser. The highest priority device is declared the winner. 


At the end of the arbitration cycle (signified by the CACP dropping the ARB/-GRNT line) each 
device that participated in the arbitration cycle will know if it won or lost the bus. If the device 
won the bus, it raises the -PREEMPT line. 


During arbitration, HOLD is asserted, if not already active. When the 82C223 samples HLDA 
active, it enters the grant state. The winning arbiter (one with the highest priority) must drive its 
arbitration levels throughout the grant state. If no local arbiter is requesting the bus, the HOLD is 
not asserted and the system CPU receives the channel control. 


Devices that want to perform multi-byte transfers must assert -BURST until the last byte is 
transferred. A burst cycle is terminated by the requesting device, after the programmed number 
of transfers or if another device asserts its -PREEMPT line. If burst transfer is interrupted by 
another device requesting channel access, the remaining bytes or words will be transferred when 
the bursting device gains control of the bus after participating in another arbitration cycle. 
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82C223 DMA CONTROLLER PRELIMINARY 


If the DMA transfer is completed, as indicated by the activation of terminal count, the channel is 
awarded to the next higher priority device or to the system processor. 


The 82C223 supports a "Fairness" feature, which if enabled in an adapter, preempts the current 
bus master within a specified time. When the bursting device samples -PREEMPT active during 
its transfer, it should complete the current cycle and de-assert the -BURST output. It should not 
participate in any further arbitration cycles until it samples -PREMPT inactive. 


If the bursting device continues to hold -BURST active after detecting the activation of the 
-PREEMPT signal, an error condition is assumed after 7.8 micro seconds, and an NMI is 
generated. When an NML is generated, the arbitration register bit <6> and bit <5> (Bus Time 
Out indication) is set to a one and the ARB/-GNT is driven to the high state, forcing the bursting 
device to terminate the cycle. The NMI interrupt handler should clear this condition by writing a 
zero to bit <6> or by activating reset. 


The arbitration mechanism can be disabled by writing a one at the arbitration register bit <6> at 
the I/O address 90 (hex). The arbitration period is 300 ns if the arbitration register bit <5> is set 
to zero; otherwise it is 600 nsec (Note: During read operation bit <5> gives the status of the Bus 
Time Out condition. During write cycles, this bit determines the duration of the arbitration 
cycle). The period may be longer if a refresh cycle occurs during the arbitration state or the 
HLDA signal, if required, does not become asserted in time. The arbitration register bit <7> 
controls the HOLD signal during the arbitration state. 


3.0 DMA CONTROLLER 
The 82C223 supports 8 DMA channels which generate the memory address and control signals 
to transfer information between peripheral and memory directly without requiring CPU 


intervention. Each DMA channel can be independently programmed for byte or word transfers. 


The DMA channels have a 24 bit address register and a 16 bit transfer count register, allowing it 
to access up to 16 MBytes of memory and transfer blocks as large as 65536 words. 


The DMA controller offers: 


m Register/program level compatibility with the 8237 DMA controller in the 
“compatible mode." 


m Direct interface to the processor status lines in the "program mode". In the 
Master mode, it generates address, status and control signals that emulate the 
timing of the 286 CPU. 


m Eight independently programmable DMA channels that can perform either byte 
or word transfers. 


m Unlike the PC/AT implementation which supports single cycle transfer, the 
82C223 supports two cycle transfers, i.e. a read from a peripheral device followed by a 
write to amemory device and vice versa. 


mw Supports extended mode 
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3.1 DMA Operation 


The 82C223 performs a two cycle transfer with a minimum cycle time of 200 ns for both I/O and 
memory accesses. This cycle can be extended by asserting -CHRDYRTN inactive. When 
transferring data between I/O peripherals and memory, data is first obtained from the source 
device and held in a temporary holding register. During the second cycle, data is transferred 
from the holding register to the target device. The 82C223 can be programmed not to generate 
I/O addresses during DMA transfers. When programmed to operate in this mode, the I/O 
addresses are forced to be all zeroes. 


A local arbiter may be assigned a level that is in turn assigned to a particular DMA channel. If 
the arbiter requires the services of the DMA controller, it has to participate in the arbitration 
cycle and win the channel. If the channel is unmasked, the DMA channel is the bus controller 
carrying out the requested data transfer. On the other hand, if it is masked off, the bus master 
logic of the local arbiter must perform data transfers. 


The 82C223 supports single transfers, burst transfers or perform read verification. In the single 
byte transfer mode, data is transferred on a byte-by-byte basis. In the burst transfer mode, data is 
transferred as long as the -BURST output is active and no terminal count is received. In the Read 
Verification mode, one byte is read from memory. 


Upon reset, DMA channels 0 through 7 are assigned to the arbitration levels 0 through 7, 
respectively. The DMA channels 0 and 4 may be programmed to different arbitration levels 
through their ’Arbus’ register. 


3.2 DMA Cycles 


The 82C223 DMA controller emulates the timing of a 10 MHz 80286 processor and connects 
directly to the processor status lines. In the program state, it receives programming information 
from the CPU controller. In the Master mode, it has three states (similar to the 286 CPU): 


1. The idle state 
2. Lhe status state 
3. The command state 


3.3 Idle State 


It is in the idle state, when after initialization, no DMA requests are received or following reset 
when it is in the program mode. 


3.4 Status State 


When the 82C223 receives a DMA request from an unmasked channel, it asserts HOLD to the 
CPU. Upon getting HLDA from the CPU, it asserts the appropriate status lines to perform the 
requested data transfer. This could be either a transfer from memory to a peripheral device, or a 
transfer of data from the peripheral to memory. In either case, data is first read from the source 
device and latched into a temporary register. A second cycle is performed to transfer data from 
the register to the target device. 
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3.5 Command State 


It is during the command state, which is the cycle following the status state, that the 820223 
receives data from the selected device if it is a read operation, or transfers data from the 

temporary register to the target device during a write operation. This cycle can be extended by 
-CHRDYRTN to accommodate slower memory devices or peripherals. 


A DMA bus cycle consists of one or two memory cycles and one I/O cycle, which are 
inseparable. A transfer may be 8 bit or 16 bit, but it must always be from memory to I/O or I/O 
to memory. No memory to memory transfers are supported. However, during a verify operation, 
only a memory read cycle is executed. 16 bit memory transfers at odd address boundaries are 
split into two consecutive 8 bit memory cycles by the 82C223. If a 16 bit I/O transfer occurs at 
an odd address boundary, the 82C223 will force the I/O address to be even (LAO is forced to 
zero) and then performs one 16 bit transfer cycle. Each data transfer cycle is terminated by the 
synchronous -READY pulse asserted. 


Either -LS1 for a read or -LSO for a write becomes asserted at the beginning of a bus cycle. The 

LM/-IO is HIGH if it is a memory cycle, and it is low if an I/O cycle. When a multiple data 

transfer is required, the -BURST signal must be asserted by the winning arbiter using the DMA 
channel until the last transfer cycle, or until the -TC (Terminal Count) is pulsed. 


Once the terminal count is reached, the channel is masked off. The -LBHE signal becomes 
asserted whenever the upper half of the data path is used. The DMA channel of interest must be 
programmed with its starting address, I/O address (if the I/O address generation option is 
selected), transfer count, transfer direction, and transfer size (either byte or word transfer) 
through the PC/AT compatible mode or the extended mode. | 


3.6 REFRESH 


The 1.19 MHz clock input is divided by 18 internally to cause a refresh request every 15.1 usec. 
During the refresh cycle, the 82C223 drives the -PREMPTO signal for an arbitration cycle. Once — 
the ARB/-GNT signal goes HIGH and the system CPU is in a hold state, the refresh cycle is 
completed with the ARB/-GNT signal in the ARB state (HIGH). Memory refresh can never be 
disabled after a reset. The refresh address is 11-bits wide and the refresh cycle is the same as a 
memory read cycle with the -RFSH signal asserted. The upper 13 address lines are unknown and 
the -LBHE is always HIGH. 


3.7 LOCAL ARBITER 


The 82C223 has a local arbiter with a level 2 priority for the system diskette controller, which 
asserts the DSKDREQ for a DMA service. It then drives the -PREMPTO signal for an 
arbitration cycle. Once the arbitration state is entered, the local arbiter participates in arbitration 
using the ARBO<3:0> lines. When the local arbiter wins, it asserts disk acknowledge 
-DSKDACK, at which point the DSKDREQ may be deactivated. If channel 2 is masked off, the 
DSKDREQ is simply ignored, and level 2 is available for another arbiter. 
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When LOW, i.e in the "grant 
"state, this signal indicates 
that the winning arbiter is in 
control of the micro channel. 
When HIGH or in the 
"arbitration" state, an 
arbitration cycle is in 
progress and/or the 
arbitration has been masked 
off. 


This input signal, if active, 
causes an arbitration cycle to 
occur. A requesting arbiter 
should stop driving this 
signal when it is granted 
control of the micro channel. 


This signal is a "prempt" 
request, and is driven in the 
grant state, when an NMI is 
generated, or if the local 
arbiter for channel 2 
(Diskette interface) requests 
channel access. This signal 
should be fed back to the 
-PREEMPT input pin 
through an open collector 
driver. 


- He 
ARBO-ARB3 
2» 2 
30 22 
31 23 
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ARB <3:0> are driven by the 
arbiters requesting bus cotrol 
at the beginning of an 
arbitration cycle. After the 
arbitration has been settled 
and ARB/-GNT goes LOW, 
only the winning arbiter 
drives these lines until the 
next arbitration cycle occurs. 
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ARBOO-ARBO3 | These signals are driven by 
: ; the local arbiter inside the 
19 10 82C233. These lines should 
20 11 be fed back to the ARB 


<3:0> inputs through open 
collector drivers. 


-TCO 24 15 This signal generates a short 
| pulse during an J/O Read or 
and I/O Write cycle to 
indicate that the terminal 
| count of the current DMA | 
channel has been reached. 

-BURST I 27 19 This signal must be asserted 
(LOW) if the bus owner (the 
winning Arbiter) wants to 
Carry out more than one bus 
cycle. 

DSKDREQ J This is a special channel 2 
request input and is normally 
used by the system diskette 
controller. 

-DSKDACK 7 95 Acknowledges that the 

| diskette request on channel 2 
has been granted, and the 
DMA channel is now in 
control of the micro channel. 
This is valid throughout the 
| entire grant state. 


-HDDISK 11 This output is driven low for 
high density diskette drives. 
Itis high for all other 
ACCESSES. 

HOLD 94 This is the hold request for 
the system CPU. The signal 

| becomes active during the 
arbitration state when a 
refresh, a DMA channel or a 
MASTER requests for the 
| micro channel. 
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HLDA This is the acknowledgement 
from the system CPU to the 
HOLD request. 


LM/-IO 5 When one of the status 
signals (-LS1 or -LSO) 
becomes active, an I/O cycle 
is starting if LM/-IO is LOW, 
or a memory cycle if it 
is high. 

-LS1 B 81 The status signals (-LSO and 

-LSO B 80 -LS1), indicate the beginning 
of a valid bus cycle. In both 
the DMA slave and master 
modes, only one status signal 
should be active to be a valid 
cycle for the 82C223. When 
-LSO is LOW, it is a Write 
cycle and when -LS1 1s 
LOW, it is a Read cycle. 

-LBHE 51 This signal, normally HIGH, 
becomes actively driven 
when the 82C223 enters 
master mode. When LOW, 
the upper half of the 16 bit 
data bus is used. When 
HIGH the upper half is not 
used for data transfers. 


-NMI 10 This is an open drain bi- 
directional signal which 
allows the wire OR’ ing of 
NMI sources. When a bus 
time-out is detected by the 
82C223, this signal is driven 

| LOW. When the signal is 
detected LOW at the pin, the 
channel arbitration is 
disabled, 1.¢e., the ARB/-G 
signal is driven HIGH and 
remains HIGH until 
unmasked by software. 
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This signal is asserted when a 
bus time-out is detected by 
the 82C223. 


Interrupt request input. 
Allows 82C223 to Pre-empt a 
burst DMA when a CPU 
interrupt is pending. 


This is an input synchronous 
to the 20MHz clock used to 
terminate the current DMA 
bus cycle. 


This signal is used in both 
master and slave modes. In 
master mode, the signal 
should be synchronized with 
the 20 MHz clock, and 
during a DMA Read cycle its 
rising edge is used to latch 
the data in the 82C223. In 
slave mode, the rising edge is 
used to terminate the 
82C223’s internal operation. 


This signal is normally HIGH 
and goes LOW when the 
82C223 is accessed until it is 
ready to finish the cycle. 


This is asserted whenever the 
address on the bus falls 
within the 82C223 I/O 
address range. 


This is the clock source for 
the internal refresh request 
generation which occurs at 
15usec intervals. 


This is asserted LOW, 
whenever a refresh cycle is in 
progress. 
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LD<15:0> is the 16 bit data 
bus used during master and 
slave modes. Even address 
byte data must use the lower 
half of the bus and odd 
address byte data must use 
the upper half of the bus. 


LA <15:0> are bi-directional 
signals. If a valid address is 
within the 82C223s I/O 
space, it responds to the cycle 
In the master mode, these are 
driven by the 82C223. 


LA<23:16> are tri-stated 
outputs, driven only during a 
DMA master cycle by the 
82C223. 


B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B. 
B 
B 
B 
B 
O 
O 
O 
O 
O 
O 
O 
O 
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HLDA are active, and it is 


-MASTERO 82 85 
not a refresh or DMA cycle. 


a 


- +t 


CLKA 40 MHz input clock with 
50% duty cycle. 
20 MHz output clock with 
50% duty cycle. 


This signal is asserted 
whenever both HOLD and 


This signal becomes asserted 
whenever the address on the 
bus falls in the I/O address 
range 100 hex through 107 


Power Supply (+5V) 


Ground 


Not Connected 
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82C233 REGISTER DESCRIPTIONS 
Arbitration Register 
I/O Address: 90H 


7 Read/Write When set to "1", no HOLD is asserted to the CPU during an 
arbitration cycle. When the CPU is not the bus owner, and this 
bit is set to "0", then HOLD is maintained until the end of the 
arbitration cycle. Default = 0 

ia 
Read/Write 
time out logic). It can be my by writing a 0 to bit <6> 
above, or by a reset. Default = 


These are read only bits which are used following a bus time- 


Setting this bit to a 1, masks off the arbitration mechanism and 
drives the ARB/-GNT signal HIGH. This bit is also set to a 1 if 
an NMI occurs. ARB/-GNT can be cleared by writing a O to this 
bit. Default = 1 


During write accesses, setting this bit to a 1, extends the ARB/ 
-GNT signal from a 300 ns minimum cycle time to a 600 ns 
minimum cycle time. During read operations, if this bit is set, a 
bus time out has occurred (This bit is set internally by the bus 


out condition during diagnostics, and represent the arbitration 
level of the winning arbiter at the last grant state. Always write 
these bits as 0. 
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4.0 COMPATIBLE MODE 


In the compatible mode, channels 0 through 3 are configured as 8 bit DMA channels, and the 
remaining channels are configured as 16 bit channels. The I/O address is fixed to the value of 
0000 (hex). 7 


Registers shared by the DMA channels are described below: 


Status Register( Read Only ) 


The status of the DMA channels can be determined by reading the Status Register. Information 
is available to determine if a channel has reached the terminal count and whether an external 
service request is pending. Bits <3:0> are cleared by RESET or each time the status register is 
read. Bits <7:4> are set every time the corresponding channel has controlled the bus and cleared 
by RESET. These bits are not affected by the state of the Mask Register bits. All bits are cleared 
following a reset condition or if the status register is read. 


Ca 
Channel 3 or 7 Request 


: 
[rem cametvore 
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Mask Register ( Write Only ). 
Each channel has an associated mask bit, which is used to inhibit external DMA requests from 


generating transfer cycles. Each mask bit can be programmed to be set or cleared. Following 
reset, all mask bits are set. A RESET or Clear Mask Register command clears all the mask bits. 


Must be zero 
To clear mask bit 
To set mask bit 


These two bits select the specific mask bit which is to be set or 
reset. 

Selects channel O or 4 

Selects channel 1 or 5 

Selects channel 2 or 6 

Selects channel 3 or 7 


Write Mask ( Write Only ) 


This command sets or resets all the mask bits. 


a 


3 ' To unmask channel 3 or channel 7 

To mask channel 3 or channel 7 

0 To unmask channel 2 or channel 6 

1 To mask channel 2 or channel 6 
To unmask channel 1 or channel 5 
To mask channel 1 or channel 5 
To unmask channel O or channel 4 
To mask channel 0 or channel 4 


Master Clear ( Write Only ) 


© 


This command has the same effect as a hardware RESET. A write into this register clears the 
Status register and masks off the channel. 
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Clear Mask ( Write Only ) 


A write into this register unmasks all the channels in the group. 


Clear Byte Pointer ( Write Only ) 

This command is normally executed prior to reading from or writing to the address or word 
count registers. This initializes the flip flop to point to the low byte of the register and allows the 
CPU to read or write to the register bytes in the correct sequence. 

Memory Address ( Read/Write ) 

This register is logically 2 bytes long. After the byte pointer has been cleared, each byte can be 
written in or read out in succession from the lower byte to the upper byte at the same byte 


register location. 


Upon reset the contents of this register are unknown. 


Transfer Count ( Read/Write ) 

The transfer count is 2 bytes long. After the byte pointer has been cleared, each byte can be 
written in or read out in succession from the lower byte to the upper byte at the same byte 
register location. 


Upon reset the contents of this register are unknown. 


Page Table ( Read/Write ) 
This is the most significant byte of the 24 bit memory address. 


Upon reset the contents of this register are unknown. 
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Mode ( Write Only ) 


Each channel has a mode register associated with it. All the Mode Registers reside at the same 
I/O location. Bit 0 and 1 of the Mode Register determine which channels’ Mode Register gets 
written to. The remaining six bits control the mode of the selected channel. 


For Verify Operation 


For Write Operation 
For Read Operation 
Reserved 


Selects channel O or 4 
Selects channel 1 or 5 
Selects channel 2 or 6 
Selects channel 3 or 7 


Upon reset the contents of this register are unknown. 
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5.0 EXTENDED MODE 

The extended mode uses two byte locations, called the Extended Address register (18 hex) and 
the Extended Data register (1A hex), to program all the DMA and CACP registers. Only the 
features that are different from the compatible mode are described in detail in the following 
section. 

When programming in extended mode, operations that require data transfer must set up the 
Extended Address register appropriately and then access the Extended Data register for actual 
data transfer. Other operations need to access only the Extended Address register for what is 
called direct execution. 

The extended address register uses the lower nibble to specify which channel is used. The upper 


nibble specifies the operation to be performed. Whenever the register is accessed, the byte 
pointer is cleared. 


Bits <7:4> Register/Bits Accessed 
hex 


(eae 
a 
eo BmsRegerew oy 
a 
Pei sk Biaeeeo 
a 
Dressed 
a 
A 


Upon reset the contents of this register is unknown. 
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Extended Mode ( Read/Write ) 


Through the extended mode register (one per DMA channel), in addition to the features offered 
through the compatible mode, any channel can be programmed to perform 8 bit or 16 bit 
transfers with or without programmed I/O address. 


a 


0 For 8 bit transfer 

1 For 16 bit transfer 
EC 
CC 


3 0 For Read Memory | 
1 For Write Memory 
Z 0 For Verify 
1 For Data Transfer 
EC a 


0 For I/O address = 0000 
1 For Programmed J/O Address 


I/O Address ( Read/Write ) 


The I/O address must be programmed when the Extended Mode register bit <0> is set to one. 
Upon reset the contents of this register are unknown. 


Status ( Read Only ) 


Once the Extend Address register is set to point to the Status Register, the two status registers for 
channel O0/channel 3 and channel 4/channel 7 can be read successively. 


Arbus ( Read/(Write) 


This is a 4 bit wide register and uses the lower nibble. The upper nibble reflects the contents of 
the Arbus register for Channel 4. The channel portion of the Extended Address register must be 
set within the range 0 through 7. This register can be written to only if the channel is either 0 or 
4. If read, the register returns the channel number for the channels 1, 2, 3, 5, 6, & 7. For channels 
O & 4, the register returns whatever value the register was programmed with previously. 


Master Clear ( Write Only ) 
This masks off all the DMA channels. 
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REGISTER SUMMARY 


ADDRESS 
0000 


REGISTER 
Channel 0 Memory Address (LOW, MIDDLE) 
0001 Channel 0 Transfer Count 


Extended Data 


0081 
0082 
0083 
0087 
0089 


Channel 2 Memory Address (HIGH) 
Channel 3 Memory Address (HIGH) 
Channel 1 Memory Address (HIGH) 
Channel 0 Memory Address (HIGH) 
Channel 6 Memory Address (HIGH) 
008A Channel 7 Memory Address (HIGH) 


008B Channel 5 Memory Address (HIGH) 


© 
on) 
_— 
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REGISTER 
O08F Channel 4 Memory Address (HIGH) 


Arbitration 


Channel 4 Memory Address (LOW, MIDDLE) 


© © =p) Sy 
qA/4| x © 
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Channel 4 Transfer Count 

Channel 5 Memory Address (LOW, MIDDLE) 
Channel 5 Transfer Count 

Channel 6 Memory Address (LOW, MIDDLE) 
Channel 6 Transfer Count 

Channel 7 Memory Address (LOW, MIDDLE) 
OOCE Channel 7 Transfer Count 
OODO Channel <4:7> Status Register 
00D4 Channel <4:7> Mask Register 
Channel <4:7> Mode Register 
Clear Byte Pointer 

Channel <4:7> Master Clear 
Channel <4:7> Clear Mask 


Channel <4:7> Write Mask 


S/Sisisis 
each pel fclne 
ml) Al >| 1a 
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(TA = 00°C to 700C, VCC = 4.75V to 5.25V, A.C. load = 80pf) 


82C233 Absolute Maximum Ratings 


Parameter Symbol Min Max Units 
Supply Voltage VCC 7.0 V 
Input Voltage VIN -0.5 VCC+05 V 
Storage Temperature TSTG -40 1250 C 


Note: Permanent device damage may occur if absolute maximum ratings are exceeded. 
Functional operation should be restricted to the conditions described under operating conditions. 


82C223 DC Characteristics 


Parameter | Symbol _ Min Max Units 

Input Low Voltage VIL -0.5 0.8 V 

Input High Voltage VIH 2.0 Vcec+05 V 
OutputLow Voltage = = VoL O45 VNotel) © 
OutputHigh Voltage = VOR OHV Note 2) 
Output Floatleakage Current = = JIozl -10 10 °° ~~ uA(Note3) — 
Power Supply Current mA 

Note 1: IOL = 4mA and IOH = -4mA for all output and I/O pins. 


Note 2: 0< Vin < VCC 
Note 3: 0.45 < Vout < VCC 
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$2C223 AC Characteristics PRELIMINARY 
(TA =00C to 700C, VCC = 4.75V to 5.25V, A.C. load = 80pf) 


§2C223) 
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a sawn 
En 
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[7 Wiedmseupinew cowie P| is | 
[8 Waednotifon-chDinene Pfs | 


sm Abi pein Comey se | we | 
1 Abii pi wah isons) 90 | Jo | 
2 MO Gyan tenaRRENrg |__| 
5 A G2) ee ARGENT iw | Jw 
{324 Last -CMD or -BURST to ARB/GNT- high sof nsf 


Write controlled by the 82C223) | 
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EN CO 
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82223 AC Characteristics PRELIMINARY 
(TA =09C to 700C, VCC = 4.75V to 5.25V, A.C. load = 80pf) , 
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Figure 8.2 REFRESH TIMING 
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Figure 8.3 ARBITRATION TIMING 
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Figure 8.4 MASTER MODE 
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Figure 8.5 
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100-Pin Plastic Flat Pack (Square) (PFP) 
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82C223 DMA Controller 


82C226 SYSTEM PERIPHERAL CONTROLLER PRELIMINARY 
FEATURES 


ai Two Intel 8259 compatible interrupt controllers 

i Intel 8254 Compatible Timer 

iS Watchdog Timer 

a Motorola 146818 Compatible real time clock 

is 114 bytes of CMOS battery Backed RAM 

7 8 bit Bi-directional Parallel Port 

a System Control Registers 

B Card Setup Signals 

rc Fabricated in 1.5 micron CMOS Technology 

Es Available in 84 pin PLCC or 100 pin PFP packages 

The 82C226 along with the CHIPS/250 or the CHIPS/280 CHIPSet, provides a highly integrated, 
high performance solution for PS/2 family compatible implementation. 

The 82C226 is fabricated using CMOS technology and is available in 84 pin PLCC or 100 pin 
PFP packages. 

1.0 OVERVIEW 


The 82C226 is an LSI implememtation of the standard peripherals required to implement a PS/2 
compatible system board. This device contains the following: — 


One MC 146818 compatible Real Time Clock 

Two 8259 compatible Interrupt Controllers 

One 8254 compatible Timer/Counter 

Three system control registers 

One parallel port 

Programmable I/O decode signals to be used in a CHIPS250 integrated system. 


Figure 9-1 shows the configuration of the System Peripheral Chip 280 (SPC). The SPC’s 
Function Control Unit provides control signals to meet all the related features found in PS/2 
systems: 


fe Security lock function 
a Level sensitive interrupt 
a Watch dog timer function 
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The 82C226 supports sixteen sources of interrupts. These channels are partitioned into two 
cascaded controllers INTC1,INTC2) with each supporting eight interrupt requests. 


The 82C226 provides three timer/counters: channel 0, channel 1 and channel 2. Channel 0 and 
channel 2 are driven from the 1.19 MHz clock input. Counter 0 is connected to IRQO of Interrupt 
Controller 1. Counter 1 may be programmed to generate pulses or square waves for use by 
external devices. In a CHIPS/250 and CHIPS/280 implementation, this is used for tone 
generation for the speaker. The third channel, Channel 2 is used to monitor correct system 
operation. It monitors IRQO to determine if it is being serviced. 


A Real Time Clock is included in the 82C226 for maintaining the time and date. This subsystem 
also contains 128 bytes of non volatile memory. The clock calender and the RAM are kept active 
when the system is powered down, by connecting this sub-system to an external battery. 


The 82C226 additionally includes a bi-directional parallel port that allows attachment of various 
devices that transfer 8 bits of parallel data at standard TTL levels. The parallel port is designed to 
be compatible with the parallel port implementation of the PC/AT. Additionally, it can be 
programmed to support bi-directional input output functions. 


2.0 REAL TIME CLOCK 
2.1 Functional Description 


This section of the SPC combines a complete time-of-day clock with alarm and one hundred 
year calendar, a programmable periodic interrupt and 128 bytes of nonvolatile RAM. The 
internal clock circuitry uses 14 bytes of this memory. Provisions are made to enable the device to 
operate in a low power (battery back-up) mode to protect the contents of the RAM and clock 
— system power down. The RESET1- input, when active (low), puts the SPC in low-power 
mode. : 


2.2 Register Access 


Reading or writing to the 128 locations in the Real Time Clock is accomplished by performing 
an output to port 070H with the output data (XDO-6) equal to the Index Address of the location 
you wish to access. The address will be latched into the Index Address Register on the rising 
edge of -IOWR. The Index Address Register is then used as a pointer to the specific byte in the 
Real Time Clock, which may be read or written by asserting -XIORD or -XIOWR with an 
address on the XA<9:0> inputs of 071H. 


When performing I/O operations to the Real Time Clock addresses, interrupts should be 
inhibited to avoid having interrupt routines change the address register before data is read or 
written. 


The following steps are required to access the Real Time Clock: 


1. Out to port hex 070 with the RTC address that will be accessed. Bits <6:0> determine 
which of the 128 bytes is to be accessed. 


2: An In or Out operation from/to port 0071 should be performed to access data from the 
RTC. 


Note: The NMI mask bit resides at port hex 070, Bit 7. 
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The -MASTER signal is a status from DMA controller indicating that the current bus owner is an 
external intelligent controller. When -MASTER is active, the decode unit inhibits accesses to the 
RTC internal registers. Additionally, the RTC decode unit monitors the SECLOCK (Security 
Lock) signal (System Control Register A, bit 3). When SECLOCK is sampled active, it disables 
accesses to the secured area, 38-3F hex, inside the RTC. The secured area is used to store the 
user’s password in the PS/2 system. Note that only locations 38-3F hex are prevented from being 
accessed if SECLOCK is active. 


2.3 Address Map 


Table 9-1 illustrates the internal register/RAM organization of the Real Time Clock. The 128 
addressable locations are divided into 10 bytes which normally contain the time, calendar and 
alarm data, four control and status bytes and 114 general purpose RAM bytes. All 128 bytes are 
readable by the CPU. The CPU may also write to all locations except Registers C, D, Bit 7 of 
Register A and Bit 7 of the Seconds (00 hex) Byte which is always 0. . | 


Table 9-1 Address Map for Real Time Clock 
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2.4 Time Calendar and Alarm Bytes 


The CPU can obtain the time and calendar information by reading the appropriate locations in 
the Real Time Clock. Initialization of the time, calendar and alarm information is accomplished 
by writing to these locations. Information is stored in these locations in binary-coded decimal 
(BCD) format. 


Before initialization of the internal registers can be performed, the SET bit in Register B should 
be set toa "1" to prevent Real Time Clock updates from occurring. The CPU then initializes the 
first 10 locations in BCD format. 


Table 9-2 


ae 
Address Function | BCD Range 

Ce 
Ee 
a a 


Minutes Alarm 00-59 
Hours 01-12 (AM) 
(12 hour mode) 81-92 (PM) 


00-23 


01-12 (AM) 
81-92 (PM) 


Table 9-2 above shows the format for the ten clock, calendar and alarm locations. The 24/12 bit 
in Register B determines whether the hour locations will be updated using a 1-12 or 0-23 format. 
After initialization the 24/12 bit cannot be changed without re-initializing the hour locations. In 
12 hour format the high order bit of the hours byte in both the time and alarm bytes will indicate 
PM when itisa "1". 
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During updates, which occur once per second, the 10 bytes of time, calendar and alarm 
information are unavailable to be read or written by the CPU for a period of 2ms. These 10 
locations cannot be written during this time. Information read while the Real Time Clock is 
performing an update will be undefined. The Update Cycle section shows how to avoid a 
Cycle/CPU contention problems. 


The alarm bytes can be programmed to generate an interrupt at a specific time or they can be 
programmed to generate a periodic interrupt. To generate an interrupt at a specific time, the user 
need only program the time that the interrupt is to occur into the 3 alarm bytes. Alternately, a 
periodic interrupt can be generated by setting the high order two bits in an alarm register to a 
"1", which turns that byte into a "don’t care". For instance, an interrupt can be generated every 
hour by programming a COH into Register 5, or an interrupt can be generated once a second by 
programming the same value into all three alarm registers. 


2.5 Static RAM 


The 114 bytes of RAM from Index Address OEH to 7FH are not affected by the Real Time 
Clock. These bytes are accessible during the update cycle and may be used for whatever the 
designer wishes. Typical applications will use this as nonvolatile storage for configuration and 


calibration parameters since this device is normally battery powered when the system in turned 
off. 


2.6 Control and Status Registers 
The 82C226 contains four registers (A,B,C and D) used to control the operation and monitor the 
status of the Real Time Clock. These registers are located at Index Address O0AH-ODH and are 
accessible by the CPU at all times. 

Register A (OAH) 

(Read/Write register except UIP) 

msb Isb 
a 


UIP Update in progress flag is a status bit used to indicate when an update cycle is about to take 
place. A '"1" indicates that an update cycle is taking place or is imminent. UIP will go active 
(High) 244us prior to the start of an update cycle and will remain active for an additional 2ms 
while the update is taking place. The UIP bit is read only and is not affected by Reset. Writing a 
"1" to the SET bit in Register B will clear the UIP status bit. 


DV2-DV0 These three bits are used to control the Divider/Prescaler on the Real Time Clock. 
While the 82C226 can operate at frequencies higher than 32.768 Khz, this is not recommended 
for battery powered operation due to the increased power consumption at these higher 
frequencies. These bits are not affected by reset. 
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Register A (OAH) (continued) 


0 4.194304 MHz 
1 1.048576 MHz 
0 32.768 Khz 

»,4 Reset Divider 


Divider Options 


RS3-RSO These four bits control the Periodic Interrupt rate. The Periodic interrupt is derived 
from the Divider/Prescaler in the Real Time Clock and is separate from the Alarm Interrupt. 
Both the alarm and periodic interrupts do however, use the same interrupt channel in the 
Interrupt Controller. Use of the Periodic Interrupt allows the generation of interrupts at rates 
higher than once per second. Below are the interrupt rates for which the Real Time Clock can be 
programmed. 


Rate Selection Time Base (OSCI Input) 
4.194304 MHz 

RS3 RS2 RSI _ RSO 1.048576 MHz 32.768 Khz 

0 0 0 0 None None 

Q 0 0 1 30.517 us 3.90526 ms 

0 0 1 0 61.035 us 7.8125 ms 

0 QO 1 1 122.070 us 122.070 us 

0 1 0 0 244.141 us 244.141 us 

0 1. 0 1 488.281 us 488.281 us 

0 1 1 0 976.562 us 976.562 us 

0 1 it 1 1.953125 ms 1.953125 ms 

1 0 0 0 3.90625 ms 3.90625 ms 

1 0 0 1 7.8125 ms 7.8125 ms 

1 0 1 0 15.625 ms 15.625 ms 

1 @) 1 1 31.25 ms 31.25 ms 

1 1 0) 0) 62.5 ms 62.5 ms 

1 1 0 1 125 ms 125 ms 

1 1 1 0 250 ms : 250 ms 

1 1 1 1 500 ms 500 ms 


Note: As shown above, the periodic interrupt rate is independent of time base when 
RS3-0 = 0011 or higher (assuming DV2-0 are correctly set to match the actual OSCI input 
frequency.) 
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Register B (OBH) 


(Read/Write Register) 


msb Isb 
oe fs fe fe po 
set fo x foe fo [ope 


SET Writing a"0" to this bit enables the Update Cycle and allows the Real Time Clock to 
function normally. When set to a "1" the Update Cycle is inhibited and any cycle in progress is 
aborted. The SET bit is not affected by reset. 


PIE The Periodic Interrupt Enable Bit controls the generation of interrupts based on the value 
programmed into the RS3-RSO bits of Register A. This allows the user to disable this function 
without affecting the programmed rate. Writing a "1" to this bit enables the generation of 
periodic interrupts. This bit is cleared to a "0" by reset. 


AIE The generation of alarm interrupts is enabled by setting this bit to a "1". Once this bit is 
enabled the Real Time Clock will generate an alarm whenever a match occurs between the 
programmed alarm and clock information. If the don’t care condition is programmed into one or 
more of the Alarm Registers, this will enable the generation of periodic interrupts at rates of one 
second or greater. This bit is cleared by PSRSTB. 


UIE (Update-ended Interrupt Enable). When set to 1, this bit enables the Update Ended Flag 
Bit (UF) in Regiater C to assert INTR. The PSRSTB- pin going low or the SET bit going high 
clears UIE. 


24/12 The 24/12 control bit is used to establish the format of both the Hours and Hours Alarm 
bytes. If this bit is a "1", the Real Time Clock will interpret and update the information in these 
two bytes using the 24 hour mode. This bit can be read or written by the CPU and is not affected 
by reset. 


DSE The Real Time Clock can be instructed to handle daylight savings time changes by setting 
this bit toa "1". This enables two exceptions to the normal time keeping sequence to occur. On 
the last Sunday in April an exception is processed which increments the time from 1:59:59 AM 
to 3:00:00 AM. On the last Sunday in October a similar exception is executed which will cause 
the time to change from 1:59:59 AM to 1:00:00 AM. Setting this bit to a "0" disables the 
execution of these two exceptions. PSRSTB/and RESET4 have no effect on this bit. 
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Register C (OCH) 


(Read only register) 


msb Isb 
eC 
mar |pr jar lur [o [ojo jo 


IRQF The Interrupt Request Flag bit is set toa "1" when any of the conditions which can cause 
an interrupt is true and the interrupt enable for that condition is true. The condition which causes 
this bit to be set, also generates an interrupt. The logic expression for this flag is: 


IRQOF= PF& PIE 
+ AF & AIE 
+ UF & UIE 


This bit and all other active bits in this register are cleared by reading the register or by 
activating the PSRSTB/ input pin. Writing to this register has no effect on the contents. 


PF The Periodic Interrupt Flag is set to a'"1" when a transition, which is selected by RS3-RSO, 
occurs in the divider chain. This bit will become active, independent of the condition of the PIE 
control bit. The PF bit will then generate an interrupt and set IRQF if PIE isa "1". 


AF A "1" appears in the AF bit whenever a match has occurred between the time registers and 
alarm registers during an update cycle. This flag is also independent of its enable (AIE) and will 
generate an interrupt if AIE is true. 


UF Update-ended interrupt flag. This bit is set after each update cycle. If UIE in Register B is 


set, then IRQF will be set when UF becomes set, and INTR wan be generated. The UF bit is 
cleared by PSRSTB- or by reading Register C. 
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Register D (ODH) 


(Read only register) 


msb | Isb 
of [= [fe fe po 
[pve [ovi [ovo [nse [mea [mst [x50 


VRT The Valid RAM and Time Bit indicates the condition of the contents of the Real Time 
Clock. This bit is cleared to a "O" whenever the PSRSTB- input pin is LOW. This pin is - 
normally derived from the power supply which supplies Vcc to the device and will allow the 
user to determine whether the registers have been initialized since power was applied to the 
device. RESET4 has no effect on this bit and it can only be set by reading Register D. All 
unused register bits will be "0" when read and cannot be written to. 


Note: The power sense and reset functions normally available separately in a 146818 are tied 
together in the 82C226. The combined signal is PSRSTB- (Power Sense/Reset Strobe) and 
never goes inactive except during battery disconnect or manual "CMOS discharge." 


2.7 UPDATE CYCLE 


During normal operation the Real Time Clock will perform an update cycle once every second. 
The performance of an update cycle is contingent upon the divider bits DV2-DV0O not being 
cleared, and the SET bit in Register B cleared. The function of the update cycle is to increment 
the clock/calendar registers and compare them to the Alarm Registers. If a match occurs 
between the two sets of registers, an alarm is issued and an interrupt will be issued if the alarm 
and interrupt control bits are enabled. 


During the time that an update is taking place, the lower 10 registers are unavailable to the CPU. 
This is done to prevent the possible corruption of data in the registers or the reading of incorrect 
data. To avoid contention problems between the Real Time Clock and the CPU, a flag is 
provided in Register A to alert the user of an impending update cycle. This Update In Process 
Bit (UIP) is asserted 244us before the actual start of the cycle and is maintained until the cycle is 
complete. Once the cycle is complete the UIP bit will be cleared and the Update Flag (UF) in 
Register C will be set. Figure 9-2 illustrates the update cycle. CPU access is always allowed to 
Registers A through D during update cycles. 


Two methods for reading and writing to the Real Time Clock are recommended. Both of these 
methods will allow the user to avoid contention between the CPU and the Real Time Clock for 
access to the time and date information. 


The first method is to read Register A, determine the state of the UIP bit and if it is "0", perform 
the read or write operation. For this method to work successfully the entire read or write 
operation (including any interrupt service routines which might occur) must not require longer 
than 244us to complete from the beginning of the read of Register A to the completion of the last 
read or write operation to the Clock Calendar Registers. 
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The second method of accessing the lower 10 registers is to read Register C once and disregard 
the contents. Then subsequently continue reading this register until the UF bitis a "1". This bit 
will become true immediately after an update has been completed. The user then has until the 
start of the next update cycle to complete a read or write operation. 


2.8 POWER-UP/DOWN 


Most applications will require the Real Time Clock to remain active whenever the system power 
is turned off. To accomplish this the user must provide an alternate source of power to the 
82C226. This alternate source of power is normally provided by connecting a battery to the Vcc 
supply pin of the device. A means should be provided to switch from the system power supply 
to the battery. A circuit such as the one shown in Figure 9-3 may be used to eliminate power 
drain on the battery when the entire 82C226 is active. The circuit shown here will allow for 
reliable transitions between system and battery power without undue battery power drain. 


Note: The Vin maximum specification should never be exceeded when powering the 
system up or down. Failure to observe this specificaiton may result in damage to 
the device. Also, the battery voltage should not be high enough to cause a net 
increase In VCMOS when +5V power is turned off. Otherwise, VCMOS will 
continue to be powered by the battery even when +5V is on, and in addition, Q1 will 
conduct in the reverse direction, resulting in even more drain on the battery when 
+5V is on. 


A pin is provided on the device to protect the contents of the Real Time Clock and reduce power 
consumption whenever the system is powered down. This pin (PWRGD) should be low 
whenever the system power supply is not within specifications for proper operation of the 
system. This signal may be generated by circuitry in either the power supply or on the system 
board. The PWRGD input will disable all unnecessary inputs during the time the system is 
powered down to prevent noise on the inactive pins from causing increased Icc. This pin must 
therefore be inactive for the remainder of the device to operate properly when system power is 
applied. 


One pin is provided to initialize the device whenever power is applied to the 82C226, This pin 
(PSRSTB) will not alter the RAM or Clock/Calendar contents but it will initialize the necessary 
control register bits. (See previous sections for discussion of the control register bits affected by 
PSRSTB) Assertion of PSRSTB disables the generation of interrupts and sets a flag indicating 
that the contents of the device may not be valid. A recommended circuit for controlling the 
PSRSTB input is also shown in Figure 9-3. 
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3.0 SYSTEM CONTROL REGISTERS 


Several bits in I/O port 0061 hex (System Control Port B) and I/O port 92 (System Control Port 
A) are allocated to this chip to perform the control or status functions. Note that the other bits of 
those I/O ports reside in the CPU controller or BUFFER chip. Care is required in designing with 
these three chips to avoid bus contention. 


4.0 INTERRUPT CONTROLLER 


The system provides 16 levels of interrupts. The interrupt requests can be masked individually. 


Note: The main difference between the interrupt controller implementation on the PC/AT and 
the PS/2 family is that in the PS/2, the controller is programmed to operate in the level 
sensitive mode as opposed to the edge triggered mode. 


Figure 9-1 shows the system connections used in a PS/2 system. 


The programmable interrupt controllers in the 82C226 function as a system wide interrupt 
manager in a CHIPS/250 and CHIPS/280 system. They accept requests from peripherals, 
resolve priority on pending interrupts and interrupts in service, issue an interrupt request to the 
CPU, and provide a vector which is used as an index by the CPU to determine which interrupt 
service routine to execute. 


A variety of priority assignment modes are provided,which can be re-configured at any time 


during system operation, allowing the complete interrupt subsystem to be restructured, based on 
the system environment. 


4.1 Overview 


Two interrupt controllers, INTC1 and INTC2, are included in the 82C226. Each of the interrupt 
controllers is equivalent to an 8259A device operating in iAPX86 Mode. The two devices are 
interconnected and must be programmed to operate in Cascade Mode (see Figure 9-4) for proper 
operation of all 16 interrupt channels. INTC1 is located at addresses 020H-021H and is 
configured for Master operation (defined below) in Cascade Mode. INTC2 is a Slave device 
(defined below) and is located at OAOH-OA1H. The Interrupt Request output signal from INTC2 
(INT) is internally connected to the interrupt request input Channel 2 (IR2) of INTC1. The 
address decoding and Cascade interconnection matches that of the PS/2. 


Two additional interconnections are made to the interrupt request inputs of the interrupt 
controllers. The output of Timer 0 in the Counter/Timer subsystem is connected to Channel 0 
(RO) of INTC1. Interrupt request from the Real Time Clock is connected to Channel 0 (IRQ8) 
of INTC2. Table 9-3 lists the interrupt assignments as used in a PS/2 compatible 
implementation: 
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Table 9-3 Interrupt Assignments 


Interrupt 


Level Function 


Timer 


KeyBoard 


Cascade to slave interrupt controller INTC2) 


Primary Serial Port 
Alternate Parallel Port 
Not used 

IRQ6 
IRQ7 


Diskette Controller 


A) A) | | | PB 
Al KR, Oo; np}] =] 'S 


Parallel Port 


IRQ8 Real Time Clock 
IRQ9 


IRQ10 Not used 


Description of the Interrupt Subsystem will pertain to both INTC1 and INTC2 unless otherwise 
noted. Wherever register addresses are used, the address for the INTC1 register will be listed 
first and the address for the INTC2 register will follow in parenthesis. Example 020H (OAOH) 


Redirect Cascade 
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4.2 Controller Operation 


Figure 9-5 is a block diagram of the major elements in the interrupt controller. The Interrupt 
Request Register (IRR) is used to store requests from all of the channels which are requesting 
service. Interrupt Request its are labeled using the Channel Name IR7-IRO. The In-Service 
Register (ISR) contains all the channels which are currently being serviced (more than one 
channel can be in service at a time). In-Service Register bits are labeled IS7-ISO and correspond 
to IR7-IRO. The Interrupt Mask Register (IMR) allows the CPU to disable any or all of the 
interrupt channels. The Priority Resolver evaluates inputs from the above three registers, issues 
an interrupt request, and latches the corresponding bit into the In-Service Register. During 
interrupt acknowledge cycles, a master controller outputs a code to the slave device which is 
compared in the Cascade Buffer/Comparator with a three bit ID code previously written. Ifa 
match occurs in the slave controller, it will generate an interrupt vector. The contents of the 
Vector Register are used to provide the CPU with an interrupt vector during Interrupt 
Acknowledge (INTA) cycles. 


4.3 Interrupt Sequence 


The 82C226 allows the CPU to perform an indirect jump to a service routine in response to a 
request for service from a peripheral device. The indirect jump is based on a vector which is 
provided by the 82C226 on the second of two CPU generated INTA cycles (the first INTA cycle 
is used for resolving priority and the second cycle is for transferring the vector to the CPU). The 
events which occur during an interrupt sequence are as follows: 


1. One or more of the interrupt requests (IR7-IRO) becomes active, setting the 
corresponding IRR bit(s). 


2. The interrupt controller resolves priority based on the state of the IRR, IMR and ISR 
and asserts the INTR output if appropriate. 


3. The CPU accepts the interrupt and responds with an INTA cycle. 


4. During the first INTA cycle, the highest priority ISR bit is set and the corresponding 
IRR bit is reset. The internal Cascade address is generated and the XD7-XDO0 outputs 
remain tri-stated. 


5. The CPU will execute a second INTA cycle, during which the 820226 will drive an 8- 
bit vector onto the data pins XD7-XD0, which is in turn latched by the CPU. The 
format of this vector is shown in Table 9-4. Note that V7-V3 in Table 9-4 are 
programmable by writing to Initialization Control Word 2 (see Initialization Command 
Words section below). 


6. At the end of the second INTA cycle, the ISR bit will be cleared if the Automatic End 
Of Interrupt mode is selected (see End Of Interrupt section below). Otherwise, the ISR 
bit must be cleared by an End Of Interrupt (EOI) command from the CPU at the end of 
the interrupt service routine. 
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Table 9-4 
D7 D6 D5 D4 D3 D2 ODi1 ODO 

IR7 V7 V6 V5 V4 V3 #1 1 1 
IR6 V7 V6 V5 V4 V3 =1 ] 0 
IR5 V7 V6 V5 V4 V3 1 0 ] 
IR4 V7 V6 V5 V4 V3 1 0 0 
IR3 V7 V6 V5 V4 “V3 O ] 1 
IR2 V7 V6 V5 V4 V3 OQ ] 0 
IR] V7 V6 V5 V4 %\V3 O 0 1 
IRO V7 V6 V5 V4 %V3 O O 0 


If no interrupt request is present at the beginning of the first INTA cycle (1.e., a spurious 
interrupt) INTC1 will issue an interrupt level 7 vector during the second INTA cycle. 


End Of Interrupt 


EOI is defined as the condition which causes an ISR bit to be reset. Determination of which ISR 
bit is to be reset can be done by a CPU command (specific EOD) or, the Priority Resolver can be 
instructed to clear the highest priority ISR bit (non-specific EOI). 


The 82C226 can determine the correct ISR bit to reset when operated in modes which do not 
alter the fully nested structure, since the current highest priority ISR bit is necessarily the last 
level acknowledged and serviced. In conditions where the fully nested structure is not preserved, 
a specific EOI must be generated at the end of the interrupt service routine. An ISR bit that is 
masked, in Special Mask Mode by a IMR bit, will not be cleared by a non-specific EOI 
command. The interrupt controller can optionally generate an Automatic End Of Interrupt 
(AEOI) on the trailing edge of the second INTA cycle. 


Priority Assignment 


Assignment of priority is based on an interrupt channel’s position relative to the other channels 
in the interrupt controller. After the initialization sequence, IRO has the highest priority, IR7 has 
the lowest, and priority assignment is fixed (Fixed Priority Mode). Priority assignment can be 
rotated either manually (Specific Rotation Mode) or automatically (Automatic Rotation Mode) 
by programming Operational Command Word 2 (OCW2). 


Fixed Priority Mode - This is the default condition which exists unless rotation (either manual 


or automatic) is enabled, or the controller is programmed for Polled Mode. In Fixed Priority 
Mode, interrupts are fully nested with priority assigned as shown: 


Lowest Highest 
Priority Status 7 6 5 4 3 2 1 0 
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Nesting allows interrupts of a higher priority to generate interrupt requests prior to the 
completion of the interrupt in service. When an interrupt is acknowledged, priority is resolved, 
the highest priority request’s vector is placed on the bus and the ISR bit for that channel is set. 
This bit remains set until an EOI (automatic or CPU generated) is issued to that channel. While 
the ISR bit is set, all interrupts of equal or lower priority are inhibited. Note that a higher 
priority interrupt which occurs during an interrupt service routine will only be acknowledged if 
the CPU has internally re-enabled interrupts. 


Specific Rotation Mode - Specific Rotation allows the system software to re-assign priority 
levels by issuing a command which redefines the highest priority channel. 


Before Rotation 


Lowest Highest 
Priority Status 7 6 5 4 3 2 1 0 


(Specific Rotation command issued with Channel 5 specified) 


After Rotation 


Lowest | Highest 


Priority Status 5 | 6 


Automatic Rotation Mode - In applications where a number of equal priority peripherals are 
requesting interrupts, Automatic Rotation may be used to equalize the priority assignment. In 
this mode a peripheral, after being serviced, is assigned the lowest priority. All peripherals 
connected to the controller will be serviced at least once in 8 interrupt requests to the CPU from 
the controller. Automatic rotation will occur,if enabled, due to the occurrence of EOI (automatic 
or CPU generated). 


Before Rotation (IR4 is highest priority request being serviced) 


SS CCC 


Lowest 


Priority Status 7 
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After Rotation (IR4 service completed) 


ee ee 


4.4 PROGRAMMING THE INTERRUPT CONTROLLER 


Two types of commands are used to control the 82C226 interrupt controllers, Initialization 
Command Words (ICW) and Operational Command Words (OCW). 


Initialization Command Words 


The initialization process consists of writing a sequence of 4 bytes to each interrupt controller. 
The initialization sequence is started by writing the first Initialization Command Word (ICW1) 
to address 020H (OAOH) with a 1 on bit 4 of the data byte. The interrupt controller interprets this 
as the start of an initialization sequence and does the following: 


The Initialization Command Word Counter is reset to zero. 
ICW1 is latched into the device 

Fixed Priority Mode is selected 

IR7 is assigned the highest priority 

The Interrupt Mask Register is cleared 

The Slave Mode Address is set to 7 

Special Mask Mode is disabled 

The IRR 1s selected for Status Read operations 


CONN BR WN eR 


The next three I/O writes to address 021H (OA1H) will load ICW2-ICW4. See Figure 9-6 for a 
flow chart of the initialization sequence. The initialization sequence can be terminated at any 
point (all 4 bytes must be written for the controller to be properly initialized) by writing to 
address 020H (OAOH) with a 0 in data bit 4. Note, this will cause OCW2 or OCW3 to be 
written. 
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START 


WRITE ICw1 XAO0=0O XD4=1 


WRITE ICW2 XAO = 1 


NO #” CASCADE 
MODE? 


y 


YES 


WRITE ICW3 XAO = 1 


N 


ot 


YES 


WRITE 1CW4 XAO = 1 


~END OF INITIALIZATION 
CONTROLLER READY 


FIGURE 9-6 INITILIZATION SEQUENCE 
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ICWI - Address 020H (OA0H) 


(Write Only Register) 


msb Isb 
o fe fs = feb fo 


SI Bit-4 indicates to the interrupt controller that an Initialization sequence is starting and must 
be a | to write ICW1. 


LTM Bit-3 selects level or edge triggered inputs to the IRR. Ifa 11s written to LTM, a "high" 
level on the IRR input will generate an interrupt request. The IR must be active until the first 
INTA cycle is started to generate the proper interrupt vector (an IR7 vector will be generated if 
the IRR input is de-asserted early) and the IR must be removed prior to EOI to prevent a second 
interrupt from occcuring. 


SM Bit-1 selects between Single Mode and Cascade Mode. Single Mode is used whenever only 
one interrupt controller INTC1) is used and is not recommended for this device. Cascade Mode 
allows the two interrupt controllers to be connected through IR2 of INTC1. INTC1 will allow 
INTC2 to generate its own nterrupt vectors if Cascade Mode is selected and the highest priority 
IR pending is from an INTC2 input. INTC1 and INTC2 must be programmed for Cascade Mode 
for both devices to operate. 


ICW2 - Address 021H (0A1H) 


(Write Only Register) © 


msb Isb 
ol fe ff fp fo 
V7-V3 These bits are the upper 5 bits of the interrupt vector and are programmable by the CPU. 


The lower three bits of the vector are generated by the Priority Resolver during INTA (see Table 
9-4). INTC1 and INTC2 need not be programmed with the same value in ICW2. 
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ICW3 Format for INTC1 - Address 021H 


(Write Only Register) 


msb Isb 
oe ee Se 


S7-S0 Select which IR inputs have Slave Mode controllers connected. ICW3 in INTC1 must be 
written with a 04H for INTC2 to function. 


ICW3 Format for INTC2 - Address 0A1H 


msb Isb 
of fs ps ep fo 
ojo fo fo jo fm fr fo | 


ID2-IDO Determine the Slave Mode address the controller will respond to during the cascaded 
INTA sequence. ICW3 in INTC2 should be written with a 02H for Cascade Mode operation. 
Note, b7-b3 should be zero. 


ICW4 - Address 021H (0A1H) 


(Write Only Register) 


msb Isb 
oh SS fp jo 


EMI Bit 4 will Enable Multiple Interrupts from the same channel in Fixed Priority Mode. This 
allows INTC2 to fully nest interrupts, when Cascade Mode with Fixed Priority Mode are both 
selected, without being blocked by INTC1. Correct handling of this mode requires the CPU to 
issue a non-specific EOI command to INTC2 and check its In-Service Register for zero, when 
exiting an interrupt service routine. If zero, a non-specific EOI command should be sent to 
INTC1. If non-zero, no command is issued. 


Rev 1.0 Page 186 


82C226 SYSTEM PERIPHERAL CONTROLLER PRELIMINARY 


AEOI Auto End Of Interrupt is enabled when ICW4 is written with a zero in bit 1. The 
interrupt controller will perform a non-specific EOI on the trailing edge of the second INTA 
cycle. Note, this function should not be used in a device with fully nested interrupts unless the 
device is a cascade Master. 


Operational Command Words 


Operational Command Words (OCW’s) allow the 82C226 interrupt controllers to be controlled 
or re-configured at any time while operating. Each interrupt has 3 Ocw’s which can be 
programmed to affect the proper operating configuration and a Status Register to monitor 
controller operation. 


Operational Command Word 1 (OCW1) is located at address 021h (OALh) and may be written 
any time the controller is not in Initialization Mode. Operational Command Words 2 and 3 
(OCW2,0CW3) are located at address 020H (OAOH). Writing to address 0O20H (OAOH) with a 0 
in bit 4 will place the controller in operational mode and load OCW2 (if data bit 3 = 0) or OC W3 
(if data bit 3 = 1). | 


OCW1 - Address 021H (0A1H) 


(Write Register) 


msb Isb 


M7-M0 These bits control the state of the Interrupt Mask Register. Each Interrupt Request can 
be masked by writing a 1 in the appropriate bit position (MO controls IRO etc.). Setting an IMR 
bit has no effect on lower priority requests. All IMR bits are cleared by writing ICW1. 
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OCW2 - Address 020h (OQA0h) 


(Write Only Register) 


msb Isb 
CC CoC 
[a feor fs_ pe fon 


R This bit in conjunction with SL and EOI selects operational function. Writing a 1 in bit 7 
causes one of the rotate functions to be selected. 


x [se [ror [rmion 
1 fo jo Rotate on auto EOI enable * 
fo [a [Rote on non specie EOI 


* This function is disabled by writing a zero to all three bit positions. 


SL This bit in conjunction with R and EOI selects operational function. Writing a 1 in this bit 
position causes a specific or immediate function to occur. All specific commands require L2-L0 
to be valid except no operation. 


ese [ror fren 
a 
[fe imienorcoamnt 
CC 
Le 
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EQI This bit in conjunction with R and SL selects operational function. Writing a 1 in this bit 
position causes a function related to EOI to occur. 


eS [eon [rami 
en 
oP [seiisorcommnt 
LC 


SI Writing a O in this bit position takes the interrupt controller out of initialize mode and writes 
OCW2 or OCW3. 


2/3 If the I/O write places a 0 in bit 4 (SI), then writing a 0 in bit 3 (2/3) selects OCW2 and 
writing a 1 will select OCW3. 


L2-L0 These three bits are internally decoded to select which interrupt channel is to be affected 


by the Specific command. L2-L0 must be valid during three of the four specific cycles (see SL 
above). 
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OCWS3 - Address 020H (OA0H) 


(Write Only Register) 


msb 


Isb 
7 
oss [st_ [28 [RR [RS 


ESMM Writing a 1 in this bit position enables the Set/Reset Special Mask Mode function 
controlled by bit 5 (SMM). ESMM allows the other functions in OCW3 to be accessed and 
manipulated without affecting the Special Mask Mode state. | 


SMM If ESMM and SMM both are written with a 1 the Special Mask Mode is enabled. 
Writing a 1 to ESMM and a 0 to SMM disables Special Mask Mode. During Special Mask 
Mode, writing a 1 to any bit position inhibits interrupts and a O enables interrupts on the 
associated channel by causing the Priority Resolver to ignore the condition of the ISR. 


SI See SI above. 
2/3 See 2/3 above. 


PM Polled Mode is enabled by writing a 1 to bit 2 of OCW3, causing the 82C226 to perform 
the equivalent of an INTA cycle during the next I/O read operation to the controller. The byte 
read during this cycle will have bit 7 set if an interrupt is pending. If bit 7 of the byte is set, the 
level of the highest pending request will be encoded on bits 2-0. The IRR will remain 

frozen until the read cycle is completed at which time the PM bit is reset. 


RR When the RR bit (bit 1) is 1, reading the Status Port at address 020h (OAOh) will cause the 
contents of IRR or ISR (determined by RIS) to be placed on XD7-XDO. Asserting PM forces 
RR reset. 


RIS This bit selects between the IRR and the ISR during Status Read operations if RR = 1. 
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5.0 Timer/Counters 


The IPC integrates an 8254 compatible timer/counter. The timer subsection provides 
three programmable timer/counters; Channel 0, Channel 2 and Channel 3. Channel 0 and 
Channel 2 are similar to Channel 0 and Channel 2 of the IBM personal computer systems 
and corresponds to Channel 0 and Channel 2 in the 8254. Channel 3, called watch dog 
timer, is implemented with Channel 1 in the 8254. The control function unit has to 
monitor various situations while writing the command words to 8254 to guarantee that 
each channel is programmed correctly. 


Channel 0 : System Timer 


GATEO is always enabled, which will make timer mode 1 and mode 5 invalid for 
Channel 0. 


CLKO is driven by 1.19MHZ. 


OUT0’s rising edge will set IRQO latch which is connected to INTC. The latch may be 
cleared by a system reset, an interrupt acknowledge cycle with a vector 08, or an I/O 
write to port hex 061 with bit 7 equal to 1. Signals derived from OUTO are used to gate 
and clock Channel 3. For proper operation of Channel 3 (Watch Dog Timer) timeout 
function, Channel 0 must be programmed to either timer mode 2 or timer mode 3. 
Channel 0’s Counter can either be programmed to operate in 16-bit binary or BCD count 
down 


Channel 2 : Speaker Tone Generation 


GATE2 is controlled by bit 0 of I/O port 0061 hex. Setting this bit causes GATE2 to go 
high. CLK2 is driven by 1.19MHZ. OUT2 goes to two places: 


1. Input port 0061 hex bit 5 


2. OUT2 is also Logically And’ed with I/O port 0061 hex bit 1. The AND 
gate’s output drives the "Audio Sum Node" signal. 


This channel supports all program modes (mode 0 - 5). Channel 2’s counter may be 
programmed to operate in 16-bit binary or BCD count down mode. 


Channel 3: Watch Dog Timer 
The 8254’s Channel 1 is used to emulate the Watch Dog Timer function. 
GATE 1 is tied to IRQO, which is set by the rising edge of Timer 0 output. 


CLK1 is driven by inverted Channel 0’s OUTO. In the PS/2 system the Watch Dog Timer 
uses the rising edge of Channel 0’s OUTO to decrement the counter, while in 8254, the 
falling edge of the clock input is used to decrement the counter. 


OUT1 is And’ed with -WDTDIS and generates the -WDTOUT signal which is normally 
floating and goes low when the Watch Dog Timer is enabled and time out situation had 
occurred. This condition is usually caused by the IRQO not being serviced within a 
specified period of time. The time depends on the count value set for Channel 3. The 
activation of WDTOUT triggers the NMI and sets port 092h, bit 4. 
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Channel 3 only operates in mode 0 and 8-bit binary count. Channel 3 operation is defined 
only when Channel 0 is programmed to operate in mode 2 or mode 3. Channel 3 is 
enabled (-WDTDIS = 1) by writing 10h to I/O port 0047h, followed by writing a count 
value to I/O port 0044h. Channel 3 is disabled (-WDTDIS = 0) by writing 10h to port 
0047h and NOT writing a count value to port 0044h, or by systems reset. When Channel 
3 is enabled and IRQO is active for more than one period of Channel 0’s OUTO, an 
INHIBIT signal is generated which prevents writing data to Channel 0 (port 0040h) or 
Channel 3 (port 0044h). INHIBIT is never active when Channel 3 is disabled 


Control Function 

Following are I/O registers allocated to system timer/counters: 
0040h Read/Write Counter 0 | 

0042h Read/Write Counter 2 

0043h Write only Control Byte for Channel 0 or 2 

Channel 0 Count Register 


Before accessing Port 040H, port 043 must be programmed with the appropriate control 
word followed by an initial count value to port 040H. 


Channel 2 Count Register 


Before accessing Port 042H, port 43H must be programmed with the appropriate control 
word, followed by an initial count value to port 42H 


Control Word (Port 43H) 


The Control Word register is a write only register. The bit definitions are as follows: 


F3 - FQ - Bits 7 through 4 determine the command to be performed. 


M2 - MO - Bits 3 through 1 determine the counter’s mode during Read/Write Counter 
Commands or select the counter during a read back command. 


BCD - Bit 0 selects binary coded decimal eames format during Read/Write Counter 
Commands. 
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vit fiteRan 
Cn 
oem 
oer 
seem 


a 
CC 
Ce 
CC 


M2 M1 MO 

oe 
CC 
fe 
CC 
pe oe 
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Bit 0 
BCD ee eee eee ee ae ee 
Q 16-bit binary count 


1 BCD count(4 decades) 


0044h Read/Write Counter 3 
0047h Write only Control Byte for Channel 3 


Count Register for Channel 3 (IO Port 44H) 


Before accessing Port 044H, port 47H must be programmed with the appropriate control 
word, followed by an initial count value to port 44H 


Control Byte (Port 47H) 


This is a write only register. The bit definitions are as follows: 


Bit 7 Bit6 

SCl1 SCO 

Q Q select counter 3 

Q 1 reserved 

1 0 reserved 

1 l reserved 

Bit § Bit 4 

RWI RW0 

Q Q counter latch command select counter 3 
Q l read/write counter bits 7-0 only 
1 Q reserved 

1 1 reserved 


Bit 3-0=0 mode 0 and binary count only 
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6.0 Parallel Port Controller 


The 82C226 integrates a parallel port to provide support for devices that require 8 bit 
parallel data transfer. Unlike the PC-AT implementation where the parallel port was used 
to transfer data in one direction only, namely output, the parallel port implementation on 
82C226 supports an extended mode which supports bi-directional data transfers. 
Additionally, the port supports a level sensitive interrupt and adds a register that reflects 
the status of the interrupt. 


Parallel Port Programmable Option Select 


The parallel port can be programmed to reside at three different I/O locations, and the 
desired location can be selected by setting bits <5,6> in system POS register 102. 


Bit 6 Bit 5 Function 
0 0 Parallell 

0 it Parallel 2 
1 Q Parallel 3 


Parallel Port Configuration 


The corresponding address assignments are shown below: 


Data Address Status Address Parallel Control 

Hex Hex Address in Hex 
Parallel 1 O03BC 03BD O3BE 
Parallel 2 0378 0379 QO37A 
Parallel 3 0278 0279 QO27A 


Parallel Port Extended Mode 


The extended mode option of the parallel port can be selected b y setting port 102 bit 7 to 
a zero. In the extended mode, the parallel port is configured to support bi-directional data 
transfers. 


Mode Access Bit 7 Direction System 
Reg 102 Reset 
Extended Write 0 @ i 
Extended Write () Q QO 
Extended Read Q 1 | QO 
Compatible Write 1 not allowed Q 
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Data Address Port 


The normal PC/AT mode and the extended mode access the data address port. In the — 
PC/AT mode, the data presented at this port is transferred directly to the outputs. During 
a Read operation, the data that was written during the last access is read back. 


In the extended mode, the data presented to the Data Address port is transferred to the 
output only if the direction bit is set to the write mode. Durin g aread operation, if the 
direction bit is set to the write mode, then the data last written to the data address register 
is read back. If the direction bit is set to read, then the data presented at the parallel port 
is read back. 


Status Port (PSP) 


The Status Port is a read only register. The bit definitions are as shown below: 


ae ae When low, it indicates that the port iS currently busy 
and cannot accept new data. 

-ACK This bit provides a handshake mechanism for data 
transfer. When active, it signals that the 8 bit parallel 
device, normally a printer, is able to accept another 
byte of data. 

5 PE This bit, when set, indicates an error condition, that 
requires users attention. When interfacing to a printer, 
this bit indicates an error condition such as paper end. 

SLCT This bit when set, indicates that the device has been 
selected. 

— -ERROR ‘This bit when set, reports an error condition, = bit when set, ‘This bit when set, reports an error condition, = an error condition. 

-IRQ When this bit is set to 0, the printer has acknowledged 

Status he previous transfer using the ’-acknowledge’ signal. 

oe 
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Parallel Port Control (PCP) 

The Parallel Control port is a read or write port. A write operation to this port latches 
the six least-significant data bits of the bus. The sixth bit corresponds to the direction 
control bit and is only applicable in the extended mode. The remaining five bits are 
compatible with previous implementations as shown in the following figure. A read 


operation to the Parallel Control Port presents the system microprocessor the data that 
was last written to it, with the exception of the write-only direction bit. 


a 


5 Direction This bit controls the direction of the data port. This is 
a write-only bit. 

4 IRQEN This bit enables the parallel port interrupt. When this 
bit is set to 1, an interrupt occurs when the 
’-acknowledge’ sign changes from active to inactive. 

3 SLCT IN This bit controls the ’select in’ (SLCT IN) signal. 
When this bit is set to 1, the printer is selected. 

2 -INIT This bit controls the ’initialize printer’ (-INIT) signal. 
When this bit is set to 0, the printer starts. 


1 AUTO FDXT | This bit controls the ’automatic feed XT’ (AUTO FD 
XT) signal. Then this bit is set to 1, the printer will 
automatically line feed after each line is printed. 


_ — 


This bit controls the ’strobe’ signal to the printer. 
When this bit is set to 1, data is pulse-clocked into the 
printer. 
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System Control Registers 
The last section of the SPC contains three system control registers and a decoder. 
Port 0061h: System Control Register B- 


System Control Register B is accessed by J/O read or write operations to I/O address 
0061h. The bit definitions are shown below: | | 


The external master cannot access this port. 


7 PARITY CHECK 
write A write operation with this bit set to 1, 
resets IRQO latch Default = 0 
read This bit indicates the state of the parity 
check latch. A high means that a priority 
| error has occurred. Default = 0 
6 


CHANNEL CHECK 


write Reserved 


This bit returns the state of the Channel 
Check latch. A high shows that a channel 
check has occurred. Default = 0 


read 


5 TIMER 2 OUT 

write 

read : 

4 REFRESH TOGGLE 
write 

read 


Reserved 


This bit returns the condition of 
timer/counters Channel 2’s OUT signal 


Reserved 


This bit is toggled for each refresh request. 


3 CHAN. CHK. ENABLE 

write A write operation with this bit set to 0 
enables Channel Check. This bit is st to 
high during a power on reset. 

read A read operation reflects the last write 


result. 
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Port 0061h: System Control Register B (continued) 


PARITY CHK. ENABLE 
Set this bit to 0, enable parity check. 
During power on reset, set this bit to 0. 


Return result of the last write to this bit. 


SPEAKER ENABLE 


A write operation with bit set to 1, enables 
speaker data. This bit is set to O during a 


power on reset. 


Return result of the last write to this bit. 


TIMER 2 ENABLE 
A write operation with this bit is set to 1, 
enables the gate input of timer/counter 
Channel 2. Default = 0. 


Return result of the last write to this bit. 
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Port 0092: System Control Register A 
The external master cannot access this port. 


The following shows the definition of each bit in I/O port 0092h. 


a 


B, Reserved 
write 

read 

4 


WATCHDOG TIMEOUT 


Reserved = 0 


Reserved, always return 1 


write Reserved 


read 


3 PASSWORD LOCK 
write 
read 


2 (RESERVED) 
write 

read 

i A20 ENABLE 
write 

read 


This read only bit reflects watch dog timer 
output state, a high indicated that the 
watch dog timer timed out. 


Setting this bit to 1 locks the 8-byte 

(38-3F) secured area reserved for password. 
This bit can be cleared only by the power on 
reset signal once being written to 1. 


Return result of the last write. 


Reserved 


Reserved, always return 1 


Setting this bit O disables the A20 set to 0 
during system reset. 


Return result of the last write. 
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Port 0092: System Control Register A (continued) 


0 ALT RESET 
write 
read 


This bit is set to 0 by a system reset or a 
write operation. When set to 1, the 
alternate reset signal will be pulsed for 100 
to 125 ns. The reset occurs after a 
minimum delay of 6.72 micro seconds. 
This bit remains high after the reset pulse. 
If this bit is a0, Power-On-Self-Test 
(POST) assumes the system was just 
powered on. If this bitis a 1, POST 
assumes a Switch from the Protected mode 
to the Real mode has taken place. 


See description of the write section. 
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Port 0096: Channel Position Select Register 


Each channel position has a unique "setup" line ((CDSTUP) associated with it. Prior to a 
setup cycle, an I/O operation to port 0096h sets the bit pattern to select the channel 
position to which the subsequent setup operation will occur. The following table shows 
the valid bit-patterns 


Channel Selected Bit? Bit6 BitS Bit4 Bit3 Bit2 Bitl  Bit0 
none 0 0 0 0 Xe X Xx 
1 0 ¢ ¢ Q Il 0 0 Q 
2 ¢ 0 ¢ Q l Q 0 1 
3 Q ¢ ¢ 0 1 Q 1 Q 
4 0 Q ¢ Q l 0 1 1 
5 0 Q Q Q i 1 0 0 
6 Q QO O Q 1 1 ¢ 1 
7 0 O ¢ 0 1 1 1 Q 
8 () Q 0 0 l 1 1 1 
Channel reset i Q Q Q X x x Xx 


Note: Bits 6, 5 and 4 return highs when port 0096 is read since they do not exist. 


Port 0096h is cleared by a system reset. The Channel reset signal is also enabled during a 
system reset. . 


The external master can not access this port. 

Other Registers 

System Board Setup/Enable Register (Port 9497) 

When this bit 7 of Port 94H is set to 1, it enables the various functions of the system 
board and system board resident I/O functions. When set to zero, these functions are 


placed in set up. 


The default state of this bit is 71’ (enable state). 


Model 60 Support 


SPC also provides a signal to control I/O port 0076H’s access. The -P76EN signal will 
becomes active when the I/O port 0076H is accessed. The IPC has to force this signal 
high in the system power off situation. The P76ENB is qualified by the MASTERB 
signal 
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XD7-XD0 24-31 18-25 DATA BUS: The data lines are tri-state — 
bi-directional lines connected to 
peripheral data bus. The outputs are 
actively driven by the SPC during I/O 
read to the Interrupt Controller registers 
(Interrupt Request Register, In-Service 
Register and the Interrupt Mask 
Register), the Timer/Counter registers 
(namely the contents of these counters 
and the status of the System Timer 
(Channel 0), Tone Generator 

(Channel 2), and Watch Dog Timer 
(Channel 3), the Real Time Clock 
internal registers and on-chip 
configuration registers and I/O ports 
61H, 92H, 96H and 102H. The XD bus 
drivers are disabled and inputs are read 
from the CPU during I/O write cycles 
when CPU is programming the 
Interrupt Controller registers, the 
Timer/Counter registers and the Real 
Time Clock registers and RAM and 
on-chip configuration registers and I/O 
ports. During the interrupt 
acknowledge sequence, the interrupt 
controller puts the interrupt vector byte 
on the XD- bus. Data bus XD7-XDO 
also acts as multiplexed address/data 
bus for the Real Time Clock. 


34-43 30-39 ADDRESS BUS: This is the latched 
peripheral address bus used to address 
various registers in the interrupt 
controllers, Timer/Counters, registers 
and I/O ports. 


RESET4: Reset is active high input. It 
does not affect clock functions. 

-ADL I 18 LZ ADDRESS LATCH: SPC uses -ADL 
to latch XA(9:0) and -OBIOP. -ADL 
also resets parallel port interrupt. 
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I/O READ: I//O Read is active low 
command from the CPU to read the 
SPC internal registers. The data from 
the SPC internal registers is driven on 
SPC XD-bus. The external bus master 
cannot access any of SPC registers 
except the interrupt controller registers. 


I/O WRITE: I/O Write is an active low 
command from the CPU to write into 
the internal SPC registers. The data on 
the XD bus is written into the register 
selected by the XA bus. The external 
bus master cannot access any SPC 
registers except interrupt controller 
internal registers. 


EXTERNAL BUS MASTER: (Active 
Low) When active low it indicates 
external bus master has control of the 
lens. -MASTER is used to qualify all 
on chip register decodes (except 
Interrupt Controller registers) to ensure 
that external bus master cannot access 
on chip registers except those to 
interrupt controllers. 


ON BOARD I/O 
PERIPHERAL: (Active Low) 
-OBIOPB decodes XA15 - 
XA10. When XA15 - XA10 are 
all zero, this signal goes low. 
This signal is used to qualify all 
on chip register decodes. 
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INTERRUPT CONTROLLER 


INTERRUPTREQUESTS: 
Asynchronous inputs. An interrupt is 
generated by applying proper level 
interrupt is generated by applying 
proper level to any Interrupt Request 
pin. 


INTERRUPT ACKNOWLEDGE: 
(Active low) This pin is driven by 
the CPU controller to instruct the 
interrupt controller to put the 
interrupt vector data on the XD bus 
by a series of two -INTA pulses 


INTERRUPT: (Active High). This pin 
goes high whenever a valid interrupt 
request is asserted. It is used to 
interrupt the CPU controller and is 
connected to CPU INTR input pin. 


TMRCLK I 23 17 TIMER CLOCK: Clock input 
for Timer/Counter Channel 0 
7 POPP 


and 2. (1.19 MHz) 
aaa 
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AUDIO SUM NODE: Output 
of Timer 2.Timer 2 is used for 
tone generation for speaker and 
is clocked by 1.19 MHz clock 
(TMRCLK pin). 


WATCH DOG TIMER 
TIMEOUT: Output of timer 3 
(Watch Dog Timer). The clock 
input of this timer is internally 
connected to OUTO and gate 
input is internally connected to 
IRQO. Open drain output. 


82C226 PIN DESCRIPTION PRELIMINARY 


REAL TIME CLOCK 


; fe schnat 


time base(32.768 Khz) for time 
functions is connected to this 
pin. 


POWER SENSE, RESET: This 
pin does not affect clock : 
calendar or RAM functions. 
When PSRSTB and TEST pin 
are both low, the following 
Occurs: 


a) Periodic Interrupt Enable 
(PIE) bit is cleared to zero. 


b) Alarm Interrupt Enable (AIE) 
bit is cleared to zero. 


c) Update ended Interrupt 
Enable (UIE) bit is cleared to 
Zero. 


d) Update ended Interrupt Flag 
(UF) bit is cleared to zero. 


e) Interrupt Request Status Flag 
(IRQF) is cleared to zero. 


f) Periodic Interrupt Flag (PF) 
bit is cleared to zero. 


g) The part is not accessible by CPU 


h) Alarm Interrupt Flag (AF) bit 
is cleared to zero. 


i) Square Wave output enable 
bit is cleared to zero. 
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82C226 PIN DESCRIPTION PRELIMINARY 


REAL TIME CLOCK (continued) 


- [Te eee 


pin must be high for bus cycles 
in which the CPU accesses the 
RTC. When PWRGD is low, all 
address, data, data strobe and 
R/W pins are disconnected from 
the processor. 


TEST: Test is an active high 
input.It initializes various 
internal registers so that the test 
program starts in a known state. 
It should be tied low in normal 
operation. 


PRINTER BUSY: Active High. 
When active it indicates the 
printer is busy and cannot accept 
data. 


PRINTER ACKNOWLEDGE: 
Active Low. When low, it 
indicates that printer has 
received a character and is ready 
to accept another. 


PRINTER PAPER END: 
Active High. This pin indicates 
that printer has detected end of 


paper. 


SELECT PRINTER: Active 
High. When this pin is ’1’, it 
indicates that the printer has 
been selected. 


PRINTER ERROR: Active low. 
When this input is low, it 
indicates that printer has 
encountered an error condition. 
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82C226 PIN DESCRIPTION PRELIMINARY 


PARALLEL PORT (continued) 


Symbol PLCC PFP |Description Description 


PP(7:4) 54-57 55-58 PARALLEL PORT: Printer 
PP(3:0) 59-62 60- 63 data port. 


-SLCTINO SELECT IN SIGNAL FOR 
PRINTER: Active low, open 
drain. When active, this signal 
indicates the printer is selected. 


INITIALIZE PRINTER: Active 
low, open drain. When active, it 
initializes the printer. 


-ATFDXTO AUTOFEED XT: Active low, 
open drain. When low, the 
printer will automatically line 
feed one line after each line is 


printed. 


STROBE SIGNAL TO THE 
PRINTER: Active low. When 


-STROBEO 


low, the data is pulse clocked 
into the printer. 


PARALLEL DATA PORT 
READ: Active low.This signal 
is the parallel data port’s 
transceiver direction control 
signal. When low, it indicates 
read. 


-PDPRD 


-PCPRD PARALLEL PORT CONTROL 
REGISTER READ: Active low. 
When low it enables the Parallel 

Port Control Register signals 
(-SLCTIN, INIT, -ATFDXT, 
-STROBE) onto the system data bus. 


© 
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82C226 PIN DESCRIPTION PRELIMINARY 


CHANNEL SET UP 


-CDSPEN I 67 CHANNEL SETUP ENABLE: Active 
low. This signal goes low 
-CDSTUP8:1 a 51-44 | 48-41 


when I/O operation in the 
- POF OP 


address range 100yy - 107}, 1s 
performed. 


CHANNEL SETUP: Active 

low. Each channel position has 

a unique set up signal (CDSTUP). 
When low, it indicates that 
channel has been selected for 
subsequent set up. 


CHANNEL RESET: Active 
high. When high it resets the 
channel. 


PORT 76 ENABLE: Active low. Any 
I/O operation to port 76 drives this 
signal active. This signal is forced high 


during system power down 
(PWRDN=0). 


POWER SUPPLIES 


Description 


Ground 
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82C226 PIN DESCRIPTION PRELIMINARY 


82C226 Absolute Maximum Ratings 


Parameter Symbol Min. Max Units 

Supply Voltage Vcc 7.0 V | 
Input Voltage Vin 0.5. Vect0.5V 

Storage Temperature Tstg -40 125 OC 


Note: Permanent device damage may occur if absolute maximum ratings are exceeded. 
Functional operation should be restricted to the conditions described under operating conditions. 


82C226 DC Characteristics 
Operating Conditions: TA = 0°C to 70°C, VCC = 4.75 to 5.25V 


Parameter Symbol Min. Max Units 

Input Low Voltage Vil -0.5 0.8 V 

Input High Voltage Vih 2.0 Vec+0.5V 
OutputLow Voltage == = Vol 0.45 V(Note 1) 
Output High Voltage Voh 2.4 V(Note 1) 
Input Leakage Current lil -10 10 uA(Note 2) 
Output Float Leakage Current Iozl1 -10 10 uA(Note 3) 
Power Supply Current | mA 

Note 1: 


Iol = 4mA and Joh = -4mA for INTR, AUDIO, -WDT, -PDPRD, -CDSTUPi, -P76ENB. 
Iol = 8mA and Ioh = -8mA for XDi. 

Iol = 24mA and Ioh = -15 mA for PPi, CHRST. 

Iol = 20mA for -STROBEO, -ATFDXTO, -INITO, -SLCTINO. 


Note 2: 

0 < Vin < Vcc 
Note 3: 

0.45 < Vout < Vcc 
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82C226 SYSTEM PERIPHERAL CONTROLLER PRELIMINARY 


2) Merepwanmecee | 
1 _commmrevereet «Os 
i Marine omconmndime OY 
i Dwvabisy — 
(4 Dea ine wIOR | 
(6 Demscupine Owns | 

of 


t607 Data hold time from XIOW inactive 
go | fas 


INTERRUPT CONTROLLER TIMING 
t620 Interrupt output delay | 300 ns 


t621 End of INTA to next INTA within an INTA 
sequence only ns 


(G0 Ratimecmagsctmm «dO 
iS1_FsToMipDsartomve iB] 
(62 PISTBLowrewan iS 
c6_varsavaiipey ii 


t608 XIOR, XIOW Command recovery time 
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82C226 AC Characteristics | PRELIMINARY 
TA =0-70C, VCC =4.75 to 5.25 VDC, Output Load = 80 pF 


owes (itn [i 
oc 
io TWRGK wine 
[so TWRGXWneme SS 
(68 TMRXbwoxte OO | 


[0 Daou Own «| 
ii Dampier S| 
[G2 Daahaltneowxion iO] 
[o__ctustarissepoxoadia ————_fn_| bs 
it CTRLSTATUSInhomsMoHD HO |i 
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XD<0:7> 


XA<0:9> 


XIOW 


XD<0:7> 


t600 : t602 


t601 
| 
| 


1608. = | t604 — 
WIM | 
Ds 


t605 


Figure 10.1 226 PERIPHERAL READ/INTA CYCLE 


Figure 10.2 226 PERIPHERAL WRITE CYCLE 


XIOWR 


PPDATA OUT 


PPDATA IN 


CTRL/STATUS IN 


Figure 10.3 PARALLEL PORT 


XIORD , XIOWR 


ee err eee O 


ADL | 
| | 
Figure 10.5 226 RTC ACCESS 


A. C. Testing Load Circuit Output Waveform 


Device 
under 
| Test 


A. C. Testing Input, 


Input Output 


eo] TEST POINTS : Vv. 
O.45v 


Figure 10.9 
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Figure 10.6 INTA SEQUENCE 
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Figure 10.7 226 REAL TIME CLOCK POWER-—UP SEQUENCE 
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TMRCLK 


WDT (NMI) 


Figure 10.8 WATCHDOG TIMER 


84-Pin Plastic Leaded Chip Carrier (PLCC) 
Socket = AMP 821573-1 or Equivalent 
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Dimensions: mm (in) 
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100-Pin Plastic Flat Pack (Rectangular) CPEP) ss 
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82C226 System Peripheral Controller 


